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ABSTRACT 


Forty-eight  physically  active  males  were  used  to  evaluate  the  modified 
Astrand-Ryhming  Nomogram  as  a  predictor  of  Maximal  oxygen  consumption.  In 
addition  to  the  modified  Astrand  Bicycle  Ergometer  test  of  Maximal  Oxygen 
Uptake  and  the  Mitchell,  Sproule  and  Chapman  Maximal  Oxygen  Intake  test, 
body  height,  weight  and  surface  area  as  well  as  fitness  scores  and  time  run 
on  the  Johnson,  Brouha  and  Darling  test  of  Physical  Fitness  were  studied. 

Oxygen  uptake  tests  were  performed  in  definite  sequences  and  subjects 
were  equally  divided  by  chance  into  all  possible  orders.  Gas  analyses  were 
performed  using  a  Beckman  E-2  oxygen  analyser  and  a  Godart  Capnograph  carbon 
dioxide  analyser  and  checked  by  the  Scholander  method.  Results  were  analysed 
with  Pearson  Product-moment  correlation  coefficients  and  analysis  of  variance. 

Results  obtained  were:  In  terms  of  liters  per  minute,  the  modified 
Astrand-Ryhming  nomogram  produced  significant  correlations  (p  =  .01)  of  O.67 
with  the  Mitchell,  et  al  test,  and  0.62  with  the  modified  Astrand  Bicycle 
test.  The  treadmill  test  correlated  0.51  with  the  maximal  bicycle  test. 

With  body  weight  partialled  out  the  correlations  were  again  significant  (p  = 
.01)  and  equal  to  0.53>  0.47»  and  0.39  respectively. 

Fitness  scores  on  the  Johnson,  Brouha  and  Darling  test  produced  signif¬ 
icant  correlations  (p  =  .01)  of  O.38  with  the  treadmill  test,  O.46  with  the 
maximal  bicycle  test,  and  0.55  with  the  predicted  test  in  terms  of  liters 
per  minute.  Corresponding  values  in  milliliters  per  kilogram  of  body  weight 
per  minute  were  0.46,  0.55 »  and  O.67  respectively. 

Height  correlated  significantly  with  the  Astrand  Bicycle  test  (p  =  .01), 
the  Mitchell,  et  al  test  (p  =  .05)  and  the  predictive  test  (p  =  .05)  in  terms 
of  liters  per  minute. 

Weight  and  body  surface  area  produced  equivalent  results  which  were  sig¬ 
nificant  with  all  three  of  the  oxygen  consumption  tests  in  terms  of  liters 
per  minute  (p  =  .01)  and  with  the  two  actual  tests  (negative  relationship) 


in  terms  of  milliliters  per  kilogram  of  body  weight  per  minute  (p  *  .05). 

Fitness  scores  and  endurance  measured  on  the  Johnson,  et  al  test  did 
not  correlate  significantly  with  height,  weight,  or  body  surface  area. 

Within  the  limits  of  this  study,  the  following  conclusions  have  been 

made : 

1.  For  the  population  studied,  the  Mitchell,  Sproule  and  Chapman  Max¬ 
imal  Oxygen  Intake  test  and  the  modified  Astrand-Ryhming  Nomogram  for  Predic¬ 
tion  of  Maximal  Oxygen  Uptake,  yielded  significantly  higher  mean  values 

than  the  modified  Astrand  Bicycle  Ergometer  test  of  Maximal  Oxygen  Uptake. 

2.  Statistically  equivalent  means  were  obtained  on  the  modified  Astrand- 
Ryhming  Nomogram  and  the  Mitchell,  Sproule  and  Chapman  Maximal  Oxygen  Intake 
test. 

5.  The  Astrand-Ryhming  Nomogram  produced  a  signif icantly  greater  var¬ 
iance  than  did  the  modified  Astrand  Bicycle  Ergometer  test  and  the  Mitchell, 
Sproule  and  Chapman  test. 

4.  The  Astrand-Ryhming  Nomogram  was  able  to  predict  maximal  oxygen  in¬ 
take  values  on  the  modified  Astrand  Bicycle  Ergometer  test  and  the  Mitchell, 
Sproule  and  Chapman  test  as  well  as  the  latter  tests  were  able  to  predict 
values  on  each  other. 

5.  As  measured  by  the  Johnson,  Brouha  and  Darling  test  of  Physical 
Fitness,  the  Astrand-Ryhming  Nomogram  was  able  to  predict  physical  fitness 
as  well  as  the  modified  Astrand  Bicycle  Ergometer  test  and  significantly 
better  than  the  Mitchell,  Sproule  and  Chapman  test. 

6.  Body  weight  and  surface  area  produced  equivalent  significant  corr¬ 
elations  with  the  three  test  of  maximal  oxygen  uptake  in  terms  of  liters  of 
oxygen  consumed  per  minute. 

7.  Body  height,  weight  and  surface  area  did  not  show  any  significant 
relationships  with  the  Johnson,  Brouha  and  Darling  fitness  index  or  endurance. 


8. 


Correlation  coefficients  involving  body  weight  and  body  surface 


area  proved  to  be  virtually  identical* 


AC  KNOWLEDGMEHT 


Together  we  stand J  As  brothers  we  will  go  forward  into  knowledge, 
searching  in  every  possible  niche  for  the  grains  of  truth  and  the  realiza 
tion  of  each  worthwhile  goal  in  life. 

The  author  cannot  help  being  overwhelmed  by  the  concern  for  detail 
and  unstinting  comradship  of  Gerry  Glassford  and  Tony  Sedgwick,  his  co¬ 
workers.  It  was  a  joy  to  work  with  you,  fellows.' 

The  personal  concern  and  sacrifice  of  Dr.  Ross  Macnab,  my  chairman, 
and  the  encouraging  assistances  and  criticisms  of  my  committee,  Dr.  B.J. 
Sproule,  Dr.  M.L.  Howell  and  Dr.  M.L.  Van  Vliet  will  long  be  remembered. 

To  all  those  who  subjected  themselves  to  the  rigors  of  testing,  my 
heartfelt  thanks  and  may  you  all  be  richer  from  the  experience. 

Most  of  all  I  am  grateful  to  my  parents  for  their  years  of  sacrifice 


love  and  support 


TABLE  OF  CONTENTS 


CHAPTER  PAGE 

I  THE  PROBLEM  AND  DEFINITIONS  OF  TERMS  USED . 1 

Statement  of  the  Problem  .  . . 1 

Subsidiary  Problems  0  .  .  .  .  . . 2 

The  Null  Hypothesis.  . . 2 

Justification  of  the  Study  . . . . 2 

Limitations  of  the  Study  .  . . 3 

Definitions  of  Terms  Used.  . . 3 

Maximal  Oxygen  Intake  (Aerobic  Capacity) . 3 

Steady  State.  „  .  „  . . 3 

Maximal  and  Submax imal  Work  .  4 

Endurance  .  .  .  .  . . 4 

Kilopond  Meter  (kpm).  .  . . 4 

II  REVIEW  OF  THE  LITERATURE .  •  .  •  .  . . 5 

Oxygen  Consumption  ...  ......  . . 5 

Variation  in  Maximal  Oxygen  Intake  .  6 

Factors  that  Influence  Maximal  and  Submaximal  Oxygen 

C  onsumption  oo.oooo.  .............  0 

Environmental  Temperature  .........  .  8 

Exercise  and  Fatigue.  .....  .  9 

Food  Ingestion.  .......  .  9 

Effects  of  Emotion.  .....  .  9 

Type  of  Work  and  Mechanical  Efficiency.  .  . . 10 

Body  Dimensions  .........  .  10 

Age  OOOOOOO.  C...O..  .......... 

Sex  .ooo.ooo.o.  ............  ..12 

Training.  .  .  .  .  .  . 12 

Warm-up  . . . . 12 


CHAPTER 


III 


Cardiac  Output  .  .  .  .  .  •  . . 

Pulmonary  Function  .  .  .  «  .  . 

Testing  Maximal  Oxygen  Intake.  .  . 

Tests  Used  in  the  Assessment  of  Aerobic  Capacity  .  .  . 
Prediction  of  Maximal  Oxygen  Intake  from  Submaximal 

Work,  ......  . 

METHODS  AND  PROCEDURES.  ...  . 

Physical  Conditions  of  the  Testing  Situation  .  .  .  .  . 

Standardization  of  the  Test  Situation . .  . 

Orientation  Period  ....  . 

Respiratory  Apparatus.  . . .  .  .  . 

Pulse  Rate  Recordings.  .  „  . 

Johnson,  Brouha  and  Darling  Test  of  Physical  Fitness 

for  Strenuous  Exercise.  .  . . .  .  .  .  . 

Mitchell,  Sproule  and  Chapman  Maximal  Oxygen  Intake 


Astrand  Bicycle  Ergometer  Test  of  Maximal  Oxygen 

Uptake  (Modified)  ........  . 

Modified  Astrand-Ryhming  Nomogram  for  the  Prediction 
of  Maximal  Oxygen  Uptake  from  Submaximal  Work  .  .  . 
Method  of  Determining  Oxygen  Consumption  ....... 

Calibration  of  Instruments  and  Accuracy  of  Calibration 


PAGE 

12 

15 

15 

14 


16 

18 

18 

18 

19 

19 

19 


20 


20 


22 


25 

25 


VjrCLO  vT*  £3  o©oooooooeo##oo*#*e####  ( 

Statistical  Analysis  ....  .  29 

IV  RESULTS  AND  DISCUSSION.  .  . . 51 

Results.  .........  .  51 

Means,  Standard  Deviations,  and  Range  Values  for 

Height,  Weight  and  Surface  Area . 51 


CHAPTER 


PAGE 


Means,  Variances  and  Standard  Deviations  for  the 

Maximal  Oxygen  Consumption  Tests . 31 

Correlation  Coefficients  .  32 

Analysis  of  Variance  of  Maximal  Oxygen  Consumption 

Values . 34 

Homogeneity  of  Variance . 36 

Discussion . 36 

V  SUMMARY  AND  CONCLUSIONS . 43 

Summary . 44 

Conclusions . 44 

BIBLIOGRAPHY . 46 

APPENDICES 

A.  STATISTICAL  TREATMENT 

B.  INDIVIDUAL  SCORE  SHEETS 


C .  RAW  LATA 


LIST  OF  TABLES 


TABLE  PAGE 

I.  Data  for  Height,  Weight  and  Surface  Area . 31 

II.  Mean  Maximal  Oxygen  Consumption  Values . 31 

III.  Correlation  Coefficients  Obtained  Between  Three 
Maximal  Oxygen  Consumption  Tests  and  Johnson, 

Brouha  and  Darling  Fitness  Scores  and  Endurance 

Times,  Heights,  Weights  and  Surface  Areas . 32 

IV.  Correlation  Coefficients  Obtained  Between  the  Three 

Maximal  Oxygen  Consumption  Tests . 33 

V.  Analysis  of  Variance  for  the  Three  Tests  of  Maximal 
Oxygen  Consumption  (Liters  of  oxygen  consumed  per 

minute ) . 34 

VI.  Analysis  of  Variance  for  the  Three  Tests  of  Maximal 
Oxygen  Consumption  (Milliliters  of  oxygen  con¬ 
sumed  per  kilogram  of  body  weight  per  minute).  .  .  35 

VII.  Duncan's  Hew  Multiple -Range  Test  Applied  to  the 

Differences  Between  K=3  Treatment  Means  Expressed 

in  Liters  per  Minute . 36 

VIII.  Duncan's  New  Multiple -Range  Test  Applied  to  the 

Differences  Between  K=3  Treatment  Means  Expressed 
in  Milliliters  per  Kilogram  of  Body  Weight  per 
Minute . 36 


LIST  OF  FIGURES 


FIGURE  PAGE 

I.  N.V.  Godart  C02  Analyser,  Volume  Meter, 

Beckman  E-2  02  Analyser .  24 

II.  Micro-Scholander  Gas  Analysis  Instrument .  24 

III.  Sanborn  100  Viso-Electrocardiogram .  24 

IV.  Douglas  Bags,  Breathing  Apparatus,  Treadmill, 

Instrument  Panel .  2 6 

V.  Modified  Otis-McKerrow  Valve  with  light  weight 

Head  Gear .  26 

VI.  Sanborn  100  Viso-Electrocardiogram,  Subject  showing 

ECG  electrode  placement,  Electric  Metronome  ...  26 

VII.  Subject  undergoing  Astrand-Ryhming  Nomogram  Test  .  .  28 

VIII.  Monark  GCI  Bicycle  Ergometer .  28 

IX.  Calibration  technique  for  Monark  Bicycle 

Ergometer  using  5  kilogram  weight .  28 

X.  Score  Distributions  -  Treadmill  Test,  Predictive 

Test,  Bicycle  Test .  40 


CHAPTER  I 


THE  PROBLEM  AND  DEFINITIONS  OF  TERMS  USED 

In  recent  years  exercise  physiologists  have  put  much  faith  in  the 
measurement  of  maximal  oxygen  intake  (aerobic  capacity)  as  a  good  estima¬ 
tion  of  physical  working  capacity  (7,  45,  82).  It  is  believed  that  the 
relationship  involves  the  efficiency  of  the  cardio-respiratory  system  to 
take  up,  transport  and  give  off  oxygen  for  use  by  body  tissues  (10,  6l). 
Accurate  measurement  of  this  efficiency  is  purported  to  be  the  best  ob¬ 
jective  measure  of  physical  fitness,  as  revealed  by  the  cardio-respiratory 
system  (12,  52,  6l ,  63,  86).  Many  different  methods  of  assessing  aerobic 
capacity  are  being  currently  used  (10,  6l ,  82,  88).  These  are  reported 
to  be  highly  standardized  and  reliable  by  investigators  (12).  The  question 
is,  do  such  methods  produce  equivalent  values  of  maximal  oxygen  intake? 

Since  these  methods  are  time-consuming  and  costly  in  terms  of  equip¬ 
ment  and  subjects,  tests  of  a  submaximal  nature  have  been  developed  to 
estimate  an  individual 5 s  aerobic  capacity  (3,  11,  27,  50,  76,  88,  91 )• 
Values  obtained  from  tests  by  Sjostrand  (76)  and  Astrand-Ryhming  (ll),  as 
reported  by  de  Vries,  et  al  (34),  have  a  high  correlation  with  those  ob¬ 
tained  in  maximal  tests.  It  is  possible  that  such  submaximal  tests  are 
as  good  at  predicting  maximal  oxygen  intake  as  the  maximal  tests  are  at 
measuring  it.  It  is  also  possible  that  submaximal  tests  could  correlate 
as  well  with  maximal  tests  as  these  measures  of  aerobic  capacity  do  with 
each  other. 

Statement  of  the  Problem.  It  is  the  purpose  of  this  study  to  evaluate  the 
Modified  Astrand-Ryhming  Nomogram  for  the  Prediction  of  Maximal  Oxygen  Up¬ 
take  From  Submaximal  Work  (3,  11 ),  as  an  estimator  of  aerobic  capacity  in 
terms  of  two  actual  tests.  These  tests  are:  The  Mitchell,  Sproule  and 
Chapman  Maximal  Oxygen  Intake  Test  (6l),  and  the  Astrand  Bicycle  Ergometer 
Test  of  Maximal  Oxygen  Uptake  (5,  7,  10). 
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Subsidiary  Problems 0  It  is  also  a  purpose  of  this  study  to  evaluate  each 
of  the  above  measures  in  terms  ofs 

1.  Endurance  (time  run)  and  the  Physical  Fitness  Score  on  the  Johnson, 
Brouha  and  Darling  Test  of  Physical  Fitness  (51 ). 

2o  Height,  Weight,  and  Surface  Area  of  each  subject. 

The  Null  Hypothesise  In  this  study,  the  null  hypothesis  asserts  that  there 
are  no  significant  differences  between  the  means  obtained  on  the  tests 
studied. 

H0s  u1  =  u2  =  u^ 

Justification  of  the  Study.  It  seems  evident  from  the  previous  discussion 
that  an  accurate  comparison  of  the  values  obtained  from  a  number  of  maximal 
oxygen  intake  tests  is  needed  before  evaluation  of  results  from  each  of 
these  tests  can  be  considered  valuable.  The  tests  that  will  be  compared 
in  this  study  are  widely  used  and  differ  in  their  methods  of  application. 
Binkhorst  and  van  Leeuwen  (15§465)  state,  "Research  must  be  continued  to 
find  out  more  about  the  results  obtained  with  various  function  tests  for 
the  determination  of  aerobic  capacity".  They  go  on  to  say,  "A  closer  ex¬ 
amination  of  these  and  other  criteria  seems  urgently  needed  to  clarify  the 
real  spread  of  the  methods  ...  "  (l 5s 465)*  If  these  tests  are  valid  measures 
of  maximal  oxygen  intake  they  should  produce  equivalent  values. 

As  stated  earlier,  if  a  test  of  submaximal  work  capacity  is  able  to 
predict  an  individual 5 s  maximal  oxygen  uptake  as  well  as  actual  tests  are 
able  to  predict  scores  on  each  other  then  much  time,  expense  and  subject 
inconvenience  could  be  saved  by  using  it. 

Most  depth  studies  of  maximal  oxygen  intake  are  done  on  small  samples 
of  the  population  (Astrand  and  Saltin  (12)  1961,  N  =  7;  Newton  (65)  1 963 » 

N  =  7»  deVries  and  Klafs  (34)  1964?  N  =  16).  A  study  involving  a  large 
number  of  individuals  could  make  results  more  meaningful. 
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Limitations  of  the  Study. 

1.  The  study  is  limited  to  48  male  subjects  including  active  univer¬ 
sity  students  and  staff  members,  and  both  active  and  sedentary  army  personnel, 

2.  Only  the  parameters  stated  in  the  problem  and  subsidiary  problems 
are  considered, 

3«  The  study  is  limited  by  the  reliabilities  of  the  methods  employed 
and  by  the  limitations  of  the  equipment  utilized. 

4°  The  experimental  errors  of  the  investigator  will  limit  the  study. 

5°  The  statistical  procedures  used  will  limit  the  study. 

Definitions  of  Terms  Usedc 

Maximal  Oxygen  Intake  (aerobic  capacity):  Hill  (44:115)  has  stated 
that  maximal  oxygen  intake  is  reached  when,  "the  oxygen  intake  per  unit 
time  reaches  its  maximum  and  remains  constant  . . .  owing  to  the  limitation 
of  the  circulatory  and  respiratory  systems'1.  Mitchell,  Sproule  and  Chapman 
(6l ?538)  state  that, 

When  one  subjects  a  normal  individual  to  progressively 
increasing  workloads  „ , .  a  linear  relationship  between  work¬ 
load  and  oxygen  intake  is  found.  Ultimately,  maximal  oxygen 
intake  per  unit  of  time  is  reached;  beyond  this  point  the 
workload  can  usually  be  increased  . . .  but  oxygen  intake  levels 
off  or  declines  . 

In  the  tests  used,  this  state  is  said  to  have  occurred  when  a  measure¬ 
ment  of  maximal  oxygen  consumption  does  not  exceed  the  preceding  measure  by: 
(a)  54  ml./min  in  the  Mitchell,  Sproule  and  Chapman  Maximal  Oxygen  Intake 
Test  (61:539),  and  (b)  81  ml/min.  in  the  Astrand  Bicycle  Ergometer  Test 
of  Maximal  Oxygen  Uptake  (6). 

Steady  State g  A  steady  state  is  a  period  of  adaptation  to  work  that 
results  in  two  consecutive  measures  of  heart  rate  that  differ  by  1  5  beats 
per  minute  or  less  after  the  fifth  minute  of  exercise  as  used  in  the  Mod¬ 
ified  Astrand-Ryhming  Nomogram  for  Prediction  of  Maximal  Oxygen  Uptake  (ll). 
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Maximal  and  Submaxima 1  Works  Maximal  work  is  the  greatest  amount  of 
physical  work  that  a  subject  is  able  to  perform  before  exhaustion  or  fatigue 
force  termination o  Any  amount  less  than  this  is  termed  submaximal. 

Endurance ;  Endurance  is  the  time,  in  seconds,  that  a  subject  is  able 
to  run  (up  to  a  maximum  of  5  minutes)  on  a  motor  driven  treadmill  at  a 
speed  of  7  mph  and  a  grade  of  8.6^,  according  to  the  procedure  of  Johnson, 
Brouha  and  Barling  (51 )« 

Kilopond  Meter  (Kpm) s  One  kilopond  meter  is  the  force  acting  on  a 
mass  of  one  kilogram  at  the  normal  acceleration  of  gravity  (85). 


CHAPTER  II 


REVIEW  OF  THE  LITERATURE 

"It  is  generally  agreed  by  work  physiologists  that  the  capacity  to 
perform  long  continued  physical  work  in  a  temperate  environment  is  related 
to  the  capacity  of  the  cardiovascular  respiratory  system  to  deliver  oxygen 
to  the  muscles  (the  maximal  oxygen  intake)"  (84:704) »  (7 >  69,  82).  It 
has  also  been  shown  that  work  at  submaximal  levels  has  a  direct  relation¬ 
ship  to  both  oxygen  uptake  and  heart  rate  (11,  34*  94) •  This  relationship 
has  been  used  to  estimate  work  capacity,  pulmonary  efficiency  and  cardiac 
capacity  (14>  24,  59 >  88).  Cardiovascular-respiratory  performance  has  also 
been  studied  in  relationship  to  age  (3,  6,  7»  50,  66),  sex  (6,  7»  50),  and 
other  parameters  (30). 

Oxygen  Consumptions  Oxygen  consumption  is  the  rate  at  which  the  body 
uses  oxygen  and  according  to  many  authors  it  is  directly  determined  by 
work  requirements  at  submaximal  workloads  (7,  37 >  63,  84).  As  maximal 
workloads  are  reached,  two  processes  enable  work  to  be  carried  on.  These 
are  aerobic  mechanisms  using  atmospheric  oxygen,  and  anaerobic  mechanisms 
using  oxygen  stores  within  the  body.  Huckabee  and  Judson  (49)  state  that 
anaerobic  processes  begin  only  after  the  aerobic  capacity  has  been  reached. 
This  aerobic  capacity  (maximal  oxygen  intake),  according  to  Wyndham  and 
Ward  (95)*  is  limited  by  the  cardiovascular  system’s  ability  to  take  up, 
transport  and  give  off  oxygen  to  the  tissues.  Evidence  is  given  that  the 
pulmonary  system  reaches  its  maximum  ventilation  during  submaximal  levels 
(40>  95).  Taylor  and  Brozek  (81 )  add  that  measurement  of  this  aerobic 
capacity  is  the  best  available  test  of  the  function  of  the  cardiovascular- 
respiratory  system.  Several  authors  (6,  6l ,  63)  agree  that  aerobic  capac¬ 
ity  is  the  maximal  amount  of  oxygen  that  can  be  utilized  by  the  body  in  a 
given  period  of  time,  as  limited  by  the  cardiovascular- respiratory  system. 
It  is  not  determined  by  workload  because  anaerobic  mechanisms  allow  greater 
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amounts  of  work  to  be  accomplished.  Working  ability  and  rate  of  work  how¬ 
ever,  can  be  largely  determined  by  aerobic  capacity  as  the  following  state¬ 
ments  imply? 

Astrand  (7s 30 8), 

*  . .  the  individual's  capacity  for  oxygen  intake  should  be  de¬ 
cisive  in  determining  his  ability  to  sustain  heavy,  prolonged 
work* 

Newton  (63 si 64), 

the  maximal  oxygen  intake  is  the  best  single  physiological 

indicator  of  the  capacity  of  a  man  for  sustaining  hard  work. 

In  addition  to  this,  Hettinger,  et  al  (45)  state  that  the  maximal 
oxygen  intake  is  the  best  measure  of  an  individual's  "physical  fitness"  or 
capacity  to  perform  heavy  work.  Newton  also  stated  of  maximal  oxygen  con¬ 
sumption  (63 si 65)  "it  is  the  most  objective  measure  by  which  one  gains  in¬ 
sight  into  the  physical  fitness  of  an  individual  as  reflected  by  his  cardio¬ 
vascular  system". 

Variation  in  Maximal  Oxygen  Intake?  Inter- individual  differences 
have  shown  a  wide  range  of  values  with  Robinson  (69)  reporting  a  high  of 
5°  35  liters  per  minute  and  Astrand  (5)  a  low  of  0,74  liters  per  minute, 
Taylor,  et  al  (84)  report  the  range  as  being  from  about  30  to  81  cc  per 
kilogram  of  body  weight  per  minute »  Astrand  and  Saltin  also  studied  intra¬ 
individual  variations  when  using  a  variety  of  methods  for  determining  max¬ 
imal  oxygen  intake  (12).  Their  main  findings  were  that  enough  muscle 
groups  must  become  involved  and  the  work  must  be  strenuous  enough  to  tax 
the  limit  of  the  cardiovascular-respiratory  system.  For  example,  they  ob¬ 
tained  higher  maximal  oxygen  intake  values  for  running  on  an  inclined  tread¬ 
mill  (7.9  percent)  than  for  running  at  the  same  speed  on  a  level  treadmill. 
It  was  also  noted  that  running  on  a  treadmill  produced  a  significantly 
higher  maximal  oxygen  intake  value  (P  =  .05)  than  did  cycling  on  a  bicycle 
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ergometer  (l2s979)« 

Newton  (63)  also  compared  different  methods  of  determining  aerobic 
capacity  using  a  Balke  modification,  the  Cureton  all-out  run,  an  individ¬ 
ually  adjusted  treadmill  test,  and  a  bicycle  ergometer  test.  With  seven 
subjects  he  concluded  that  the  Balke  test  gave  the  best  value  for  the 
maximal  oxygen  intake,  with  the  treadmill  test,  the  bicycle  ergometer 
test  and  the  Cureton  test  giving  lower  values,  respectively.  No  statis¬ 
tical  evaluations  are  given. 

Most  investigators  who  have  used  the  bicycle  ergometer  to  test  aero¬ 
bic  capacity  have  used  graded  workloads  on  successive  days  (5  10,  63,  70). 

Recently,  Binkhorst  and  van  Leeuwen  (15)  compared  the  method  of  Astrand 
(5)  with  successive  increments  done  on  the  same  day  and  with  a  steady  load 
that  caused  a  heart  rate  between  140  and  150  beats  per  minute  done  to  ex¬ 
haustion.  They  obtained  no  significant  differences  between  the  methods 
and  concluded  (l5§466)  "it  appeared  that  aerobic  capacity  can  be  determined 
with  the  bicycle  ergometer  by  continuously  increasing  the  load  in  a  single 
session". 

Hettinger,  et  al  (45) >  using  28  subjects,  compared  the  maximal  oxygen 
intake  values  obtained  with  the  Astrand  test  (lO)  and  with  the  Astrand- 
Ryhming  Predicted  test  (ll)  and  found  the  predictions  (average  =  2.62 
liters  per  minute)  significantly  higher  (p  =  .05)  than  the  actual  values 
(average  =2.38  liters  per  minute).  They  reasoned  that  this  was  a  result, 
in  part,  of  constructing  the  nomogram  from  studies  with  trained  athletes. 

Very  recently,  (March,  1964) ,  de  Vries  and  Klafs  (34)  reported  a 
study  that  compared  a  variety  of  subm&ximal  predictive  tests  of  maximal 
oxygen  intake  with  a  maximal  test  on  a  bicycle  ergometer.  They  used 
16  subjects  and  obtained  the  actual  measurement  of  maximal  oxygen  intake 
using  a  procedure  similar  to  that  of  Mitchell,  Sproule  and  Chapman  (61) 
with  a  warm-up  consisting  of  the  Sjostrand  test  (76).  Six  submaxi- 
mal  tests  were  used  to  predict  actual  values  for  maximal  oxygen 
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intake.  They  were  the  Sjostrand  Test,  a  Modified  Sjostrand  Test,  the 
Harvard  Step  Test,  a  Progressive  Pulse-Ratio  Test,  the  Delta  R.Q.  Test 
and  the  Astrand-Ryhming  Predictive  Test.  The  authors  found  significant 
correlations  (p  =  ,0l)  between  the  obtained  maximal  values  and  the  follow¬ 
ing  submaximal  tests s  a)  Sjostrand  test  expressed  in  kilopond  meters  per 
minute  per  kilogram  of  body  weight  (r  =  .877) >  h)  Harvard  Step  test  expressed 
in  milliliters  per  kilogram  of  body  weight  (r  -  .766),  c)  Sjostrand  test 
expressed  in  terms  of  body  surface  (r  =  .762)  and  d)  Astrand-Ryhming  test 
expressed  in  liters  per  minute  (r  =  .736).  Since  the  Astrand-Ryhming  test 
is  shorter  and  uses  only  one  work  load,  the  authors  concluded  that  no  ad¬ 
vantage  was  gained  in  using  the  Sjostrand  test.  It  was  also  noted  that 
those  tests  in  which  heart  rate  during  a  measured  workload  is  the  basis 
of  prediction  seem  to  have  a  greater  predictive  value  than  those  using 
heart  rate  in  the  recovery  period. 

Factors  that  Influence  Maximal  and  Submaximal  Oxygen  Consumption: 

Taylor,  et  al  (84)  gave  a  lengthy  discussion  of  such  factors  as  environ¬ 
mental  temperature,  fatigue,  meals,  lack  of  sleep,  work  efficiency,  and 
the  effect  of  emotion  during  submaximal  work  as  measured  by  pulse  rates. 

These  factors  all  appeared  to  have  effects  that  depend  upon  the  testing 
conditions.  Many  of  them,  however,  become  greater  when  maximal  levels 
are  reached.  Some  parameters  such  as  age,  body  size,  sex,  training,  and 
various  functional  capacities  influence  both  maximal  and  submaximal  de¬ 
terminations  (84). 

Environmental  Temperature :  Williams,  et  al  (93)  reported  that  a  hot 
environment  will  move  the  pulse-rate  per  work  rate  curve  to  the  left,  in¬ 
creasing  the  pulse  rate  for  a  given  submaximal  oxygen  consumption  but  that 
maximum  pulse  rates  were  not  altered.  Rowell,  et  al  (cited  in  84)  using 

unacclimatized  subjects,  reported  that  in  a  hot  environment  maximal  pulse 
rate  was  reached  at  a  lower  workload  and  that  the  oxygen  intake  could 
increase  as  much  as  two  liters  per  minute  after  this  maximal  pulse 
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rate  had  been  reached*,  Williams,  et  al  (93)  attributed  this  largely  to 
individual  adaptation  to  heat,  and  suggested  that  if  all  such  experiments 
were  conducted  in  an  ambient  temperature  of  about  65  degrees  Fahrenheit 
these  inter-individual  effects  would  be  minimized,, 

Exercise  and  Fatigu.es  In  studying  only  submaximal  work  levels,  Lund- 
gren  (57)  found  that  after  an  8-hour  workday  in  a  lumber  camp  the  pulse 
rate  response  to  a  given  amount  of  exercise  increased.  He  also  found  that 
walking  7  kilometers  did  not  affect  the  pulse-rate  per  work-rate  curve  but 
that  walking  15  kilometers  did. 

Brozek  and  Taylor  (20)  reported  that  fatigue  induced  by  lack  of  sleep 
had  no  effect  on  the  working  pulse  rate.  They  used  twelve  trained  subjects 
who  went  sleepless  for  62  hours. 

Food  Ingestions  Lundgren  (57)  reported  large  increases  in  pulse  rate 
for  a  fixed  amount  of  work  both  before  and  after  breakfast.  At  an  oxygen 
consumption  of  one  liter  per  minute,  he  reported  an  average  increase  of  18 
beats  per  minute.  Taylor,  et  al  (84)  stated  that  even  though  we  know  that 
pulse  rate  and  cardiac  ©utpit  are  affected  by  food  ingestion,  not  enough 
information  is  available  to  extrapolate  to  maximal  levels. 

Effects  of  Emotions  According  to  Taylor,  et  al  (84) >  physiologists 
who  use  submaximal  tests  are  basing  their  work  on  an  assumption  that  work¬ 
ing  stress  will  overcome  any  emotional  effects  or  behaviour  that  would 
normally  affect  a  resting  pulse  rate.  Astrand,  et  al  (9)  agreed  with  this 
statement  and  at  the  same  time  acknowledged  marked  emotional  influences 
during  a  resting  state.  Brouha  and  Heath  (18)  also  reported  agreement 
from  studies  of  subjects  prior  to  performance  of  the  Harvard  Fitness  Test. 
Taylor  and  his  co-workers  (84)  threw  some  doubt  into  this  idea  by  reporting 
definite  deviations  from  normal  during  a  low  submaximal  treadmill  walk  be¬ 
cause  of  a  sudden  shock  of  falling.  They  also  showed,  however,  that  even 


during  catheterization  there  was  very  little  pulse  variation  among  trained 
subjects  during  both  submaximal  and  maximal  work,  Any  deviations  noted 
were  the  result  of  a  conditioning  program,  and  appeared  only  during  sub- 
maximal  work?  the  maximal  pulse  rate  was  unaffected,,  Taylor,  et  al  also 
pointed  out  that  care  must  be  taken  when  using  a  test  with  a  pulse  rate 
cut-off  as  a  criterion,,  Stress  may  cause  the  pulse  to  reach  the  criterion 
prematurely. 

It  is  of  note  that  most  of  the  data  reported  about  emotion  and  its 
effects  on  the  maximal  oxygen  intake  has  been  a  result  of  intermittent 
work  and  much  more  study  is  required  before  any  conclusions  can  be  made. 

Type  of  Work  and  Mechanical  Efficiency!  There  is  wide  usage  of  both 
the  treadmill  and  the  bicycle  ergometer  in  submaximal  and  maximal  work 
testing.  The  ideal  test  would  be  one  which  all  subjects  could  perform 
with  the  same  degree  of  skill.  Dill,  et  al  (35)  >  in  1930>  reported  measure- 
able  differences  among  subjects  in  the  mechanical  efficiency  of  running, 
and  more  recently,  Erickson,  et  al  (15)  has  stated  that  maximal  oxygen  in¬ 
take  values  become  stable  after  the  second  time  on  a  treadmill  and  there¬ 
after  are  not  influenced  by  experience,  Knehr,  et  al  (54)  also  reported 
small  (less  than  5 7°)  changes  in  the  oxygen  intake  with  experience  in  walk¬ 
ing  on  a  treadmill,  Astrand  (7)  concluded  that  learning  is  negligible  on 
the  bicycle  ergometer  but  Krogh  and  Lindhard  (56)  reported,  in  1920,  that 
areas  where  bicycle  riding  is  not  popular  may  show  substantial  changes  in 
mechanical  efficiency  with  practice,  Astrand  (7)  also  reported  that  there 
is  almost  no  difference  in  oxygen  requirements  with  change  in  body  weight 
as  measured  by  the  bicycle  ergometer. 

Body  dimensions;  It  has  been  recognized  for  a  long  time  that  maximal 
oxygen  intake  is  a  function  of  body  size.  Body  weight  has  been  systemati¬ 
cally  related  to  maximal  oxygen  intake  by  Robinson,  et  al  (66,  69)  and 
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Wyndham,  et  al  (94) .  Statistically  significant  relationships  (p  =  .05)  be¬ 
tween  body  weight  and  maximal  oxygen  intake  have  been  shown  by  Buskirk  (21 ), 
Buskirk  and  Taylor  (22),  Coyne  (29),  and  Welch,  et  al  (92).  Buskirk  and  Tay¬ 
lor  (22)  also  showed  a  significantly  higher  correlation  with  fat-free  body 
weight  (0o85)  than  with  body  weight  (0.65)  while  Coyne  (29)  reported  much 
lower  values  for  fat-free  body  weight  (0.39)  and  body  weight  (not  significant 
from  zero).  Coyne  also  noted  ( 29 s 81 )  that  a  more  satisfactory  value  (0.53) 
was  obtained  from  a  multiple  correlation  involving  fat-free  body  weight,  to¬ 
tal  body  fat,  and  total  body  weight,,  Taylor,  et  al  (84)  conceded  that  fat- 
free  body  weight  had  a  higher  correlation  but  claimed  that  body  weight  was 
more  practical  and  was  adequate  as  a  reference  point  to  use  for  setting  stan¬ 
dards  for  individual  judgment.  Craig  Taylor  (80)  reported  that  in  submaximal 
exercise,  oxygen  consumption  was  largely  a  function  of  body  weight  but  that 
during  maximal  work  this  relationship  dropped  markedly. 

Blood  volume  (22)  and  the  total  amount  of  circulating  hemoglobin  (77) 
have  been  used  as  reference  values  and  von  Dobeln  (87)  has  reported  a  high 
correlation  between  these  parameters  and  body  weight.  It  also  seems  reason¬ 
able  to  expect  heart  size,  blood  vessel  size  and  the  amount  of  working  muscle 
mass  to  be  determining  factors  in  an  individual's  maximal  oxygen  uptake  (84). 

Consolazio,  et  al  (28)  reported  a  nomogram  for  surface  area  calculated 
from  the  Du  Bois-Meeh  formula  (28s 27)°  de  Vries  and  Klafs  (34)  report  a  corr¬ 
elation  of  .762  between  the  Sjostrand  submaximal  test  expressed  in  milliliters 
per  minute  per  square  meter  of  body  surface  and  maximal  oxygen  intake  expre¬ 
ssed  in  kilograms  of  body  weight. 

Age :  Inter- individual  variations  are  reduced  with  a  reduction  of  sub¬ 
jects11  age  range  (6,  66,  69).  There  is  no  doubt  that  increasing  age  results 
in  a  decrease  in  the  aerobic  capacity  of  an  individual  (after  age  20  -  30) 

(3,  66).  Wyndham  and  Ward  (95)  postulated  that  this  reduction  in  aerobic 
capacity  may  be  a  result  of  decreased  pulmonary-arterial  diffusion. 
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Sex:  The  Astrands  (3,  6)  reported  definite,  systematic  variations 
in  maximal  oxygen  uptake  of  males  and  females *  Brouha  and  Radford  (l9) 
reported  that  sex  quantitatively  influenced  the  cardiovascular  reaction 
to  exercise * 

Trainings  Definite  increases  in  maximal  oxygen  intake  have  been  re¬ 
ported  as  a  result  of  training  or  regular  exercise*  Knehr,  et  al  (54) 
reported  a  7  percent  increase  among  14  men  studied  over  a  period  of  six 
months®  training*  Robinson  (67)  found  a  16  percent  increase  in  maximal 
oxygen  intake  with  middle  distance  runners.  Buskirk  and  Taylor  (22), 

Dempsey  (53)  and  Watson  (90)  found  increases  in  maximal  oxygen  intake 
with  individuals  undergoing  regular  physical  training* 

Warm-up g  A  bout  of  exercise  or  "warm-up”  is  generally  agreed  to  in¬ 
voke  an  increase  of  about  five  percent  in  the  maximal  oxygen  intake  (84). 

Use  of  a  warm-up  enabled  greater  reliability  upon  a  retest  (6l)„  Asmussen 
and  B^je  (l)  stated  that  subjects  "feel"  better  after  undergoing  a  warm¬ 
up*  It  is  evident  that  investigators  favour  some  sort  of  warm-up  because 
all  commonly  used  tests  of  maximal  oxygen  intake  employ  a  warm-up  procedure. 

Cardiac  Output  8  Traditional  thinking  has  been  to  relate  increase  in 
oxygen  uptake  primarily  to  cardiac  output  but  recent  work  (61)  has  emphasized 
the  integration  of  many  more  cardiovascular  factors.  These  authors  demon¬ 
strated  that  the  A-V  oxygen  difference  was  the  major  factor  that  allowed 
great  increases  in  blood  carrying  capacity*  They  did  not,  however,  negate 
the  importance  of  increased  cardiac  capacity  during  exercise.  Williams, 
et  al  (93)  reported  that  when  maximal  oxygen  intake  was  reached,  temperature 
regulation  became  subservient  to  supplying  the  muscle  with  blood.  Taylor, 
et  al  (84)  added  that  this  results  in  a  marked  vasoconstriction  of  the 
vascular  beds  outside  the  heart,  brain,  lungs  and  muscle.  This  appeared 
to  be  the  explanation  of  why  maximal  oxygen  intake  was  less  susceptible 
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to  the  outside  influences  that  make  submaximal  interpretations  so  difficult 
(84). 

Pulmonary  Functions  It  has  been  expressed,  by  Wyndham  and  Ward  (95)» 
that  pulmonary  factors  do  not  limit  aerobic  capacity,  Mitchell,  Sproule 
and  Chapman  (6l)  gave  as  a  reason  for  this  the  fact  that  arterial  oxygen 
tension  is  maintained  throughout  heavy  exercise. 

It  is  clear  that  maximal  oxygen  intake  is  considerably  more  stable 
than  submaximal  work  pulse  rates.  This  enables  an  investigator  who  chooses 
maximal  oxygen  intake  tests  in  preference  to  submaximal  tests,  to  relax 
much  of  the  rigid  standardization  so  necessary  with  pulse  orientated  sub¬ 
maximal  testing  procedures  (84)0 

Testing  Maximal.  Oxygen  Intake  %  Although  conditions  need  not  be  con¬ 
trolled  as  rigidly  as  those  of  submaximal  tests,  definite  and  necessary 
standards  must  be  adhered  to  if  any  conclusions  are  to  have  meaning.  It 
is  unanimously  agreed  upon  that  g  a)  the  intensity  and  duration  of  exercise 
cannot  exceed  the  capacities  of  the  poorest  subject,  and  b)  the  test  must 
also  bring  the  subjects  to  a  comparable  degree  of  exhaustion.  To  control 
these  factors,  authors  have  set  up  definite  criterion  levels  (6,  14,  61 ,  82) 
which  will  be  explained  in  Chapter  III,  Two  types  of  maximal  tests  have 
been  developed  to  attain  this  standard.  They  ares 

1,  Use  of  a  single  work  load,  set  initially  near  to  the  subject’s 
capacity,  that  is  continued  until  exhaustion  or  fatigue  (10,  13,  51 »  54> 

63),  and 

2,  Use  of  a  graded  series  of  work  loads  that  gradually  bring  the  sub¬ 
ject  to  the  point  of  exhaustion  (6,  12,  63,  82), 

It  should  be  noted  that  Taylor  (79)  pointed  out  a  marked  positive 
skewness  in  the  distribution  of  values  obtained  from  a  single  load  test. 

He  also  showed  that  an  approximately  normal  distribution  of  values  occurs 
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with  a  heterogenious  group  on  graded  series  tests. 

The  most  common  media  used  for  testing  are  the  motor  driven  treadmill, 
the  bicycle  er gome ter,  and  the  stepping  bench.  The  stepping  bench  will 
not  be  dealt  with  in  this  paper. 

These  testing  devices  have  been  developed  to  conform  to  the  following 
guiding  principles  used  in  setting  up  maximal  oxygen  intake  or  working 
capacity  tests  (12,  70,  82,  88) % 

(a)  a  large  number  of  muscle  groups  should  be  involved  to  alleviate 
exercise  stoppage  from  local  muscle  fatigue  and  to  insure  maximal 
taxing  of  the  cardiovascular  system, 

(b)  sufficient  workloads  must  be  used  to  be  able  to  estimate  a  sub¬ 
ject’s  maximum  performance  level, 

(c)  a  steady  state  performance  level  must  be  possible  for  all  subjects 
during  moderate  workloads, 

(d)  the  duration  of  the  test  must  not  be  excessive. 

Definite  preference  exists  among  the  current  investigators  in  the  use 
of  the  treadmill  or  bicycle  ergometer,  Erickson,  et  al  (37)  and  all  who 
prefer  the  treadmill,  do  so  on  the  following  grounds:  (a)  work  load  on  a 
treadmill  is  fixed,  (b)  skill  is  not  involved  because  everyone  knows  how 
to  walk  and  run,  (c)  more  muscle  groups  are  used  and  thus  a  larger  energy 
expenditure  is  possible,  and  (d)  work  load  is  automatically  adjusted  to 
body  size.  Proponents  of  the  bicycle  ergometer  say:  (a)  it  is  practical, 
comparatively  inexpensive,  portable  and  easy  to  handle,  (b)  workloads  can 
be  reproduced  as  exactly  as  those  on  the  treadmill,  (c)  mechanical  effic¬ 
iency  varies  little  among  individuals,  and  (d)  blood  samples  and  gas  analysis 
are  more  readily  performed  with  a  bicycle  (5,  59  >  77  )• 

Tests  Used  in  the  Assessment  of  Aerobic  Capacity:  Three  of  the  common¬ 


ly  used  tests  of  aerobic  capacity  ares 
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1.  The  Taylor,  Buskirk  and  Henschel  Treadmill  Test  of  Maximal  Oxygen 
Consumption  (82). 

2.  The  Mitchell,  Sproule  and  Chapman  Maximal  Oxygen  Intake  Test  (6 l), 
and 

3.  The  Astrand  Bicycle  Ergometer  Test  of  Maximal  Oxygen  Uptake  (5). 

These  tests  will  he  explained  in  detail  in  Chapter  III.  The  Taylor, 

Buskirk  and  Henschel  test  is  reported  to  he  reliable  (r  =  0.95)>  and  a  one- 
year  retest  correlation  of  0«98  ( 22  s 75 )  was  also  reported.  The  two  tread¬ 
mill  tests  are  very  similar,  the  Mitchell,  Sproule  and  Chapman  test  being 
a  one  session  modification  of  the  Taylor,  Buskirk  and  Henschel  test,  which 
can  take  up  to  five  sessions.  Both  tests  are  based  on  graded  workloads 
with  rests  between  each  load.  They  employ  a  constant  speed  with  the  work¬ 
load  being  increased  by  increasing  the  slope  of  the  treadmill. 

The  Astrand  Bicycle  test  is  based  on  a  similar  principle  of  alternate 
work  and  rest  periods.  Each  workload,  as  performed,  is  set  by  increasing 
the  resistance  that  the  subject  must  pedal  against.  It  makes  use  of  an 
efficiently  designed  bicycle  ergometer  developed  and  refined  in  1954  by 
von  Dobeln  (85)o 

Each  of  these  tests  makes  use  of  a  definite  end  point  or  criterion  to 
determine  when  a  subject  has  attained  a  maximal  oxygen  intake.  Associated 
with  each  workload  increase  is  an  average  increase  in  oxygen  uptake  and 
the  criterion  values  are  assigned  proportions  of  these  increases.  The 
criterions  areg  Mitchell,  Sproule  and  Chapman,  55  ml.  per  minute  (6l:539)» 
Taylor,  Buskirk  and  Henschel,  149  ml.  per  minute  (82:76)  and  Astrand  (3), 

80  ml.  per  minute.  If  a  subject  obtained  a  value  that  decreased  or  did 
not  increase  a  greater  amount  than  the  criterion,  then  he  was  said  to  have 
reached  his  maximal  oxygen  intake.  Wyndham,  et  al  (94)  have  expressed 


disagreement  with  this  method  of  determining  the  end  point  because  maximal 


oxygen  intake  is  asymptotically  approached.  They  postulated  that  many  of 
the  values  obtained  using  these  criterion  are  underestimations  of  the  true 
maximal  values. 

Prediction  of  Maximal  Oxygen  Intake  from  Submaximal  Work;  Even  though 
reliable  methods  for  direct  measurement  of  maximal  oxygen  intake  exist, 
they  are  usually  not  suitable  for  testing  a  large  group  in  a  reasonable 
length  of  time,.  To  enable  a  testing  program  to  be  done,  some  investigators 
have  made  use  of  the  close  linear  relationship  between  pulse  rate  and  oxygen 
consumption  during  controlled,  stressful,  submaximal  work  (31,  37,  45,  57, 

79 1  88).  Correlations  of  0<>972  (Erickson,  et  al  (37))  and  0„969  (Taylor 
(79))  have  been  reported  between  heart  rate  and  work  load. 

Sjostrand  (78),  de  Vries  and  Klafs  (34),  von  Dobeln  (87),  and  Astrand 
(  5,  14,  32)  have  used  this  relationship  to  predict  a  subject’s  maximal 
oxygen  intake .  With  definite  precautions  and  provisions  (7)»  useful 
approximations  can  be  made  of  an  individual’s  aerobic  capacity  by  means  of 
extensive  empirical  analysis  of  actual  relationships.  Astrand  and  Ryhming 
(ll),  constructed  a  nomogram  from  such  an  analysis  that  has  been  widely 
used  since  1954  (17,  34?  86 ).  It  involves  prediction  of  a  subject’s  maximal 
oxygen  intake  value  from  a  pulse  rate  that  is  elicited  by  a  controlled  and 
steady  submaximal  workload.  This  known  workload  is  designed  to  result  in 
a  steady  state  pulse  rate  between  125  and  170  beats  per  minute.  Standard 
adjustments  are  made  for  age  (5),  sex  (6)  and  apparatus  used  for  the  exer¬ 
cise  (ll). 

Values  obtained  with  this  nomogram  have  been  tested  for  accuracy  by 
Astrand  (3)  and  Hettinger  (45)«  The  latter  found  a  significantly  higher 
mean  (p  =  .05)  obtained  on  the  predicted  test  than  on  the  Astrand  Bicycle 
Ergometer  test  (5)« 

Astrand  (3*59) »  in  an  attempt  to  clarify  use  of  the  nomogram,  states 
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firmly  that? 

This  method  of  measuring  only  the  submaximal  oxygen  uptake 
or  workload  and  heart  rate  will  always  be  only  an  aid  for  a 
rough  prediction  of  the  aerobic  work  capacity.  If  one  wishes 
to  obtain  more  exact  information,  it  is  necessary  to  measure 
the  aerobic  capacity  directly. 


CHAPTER  III 


METHODS  AND  PROCEDURES 

Forty “eight  healthy  male  subjects  were  used  in  this  study  with  the 
total  being  comprised  of  volunteer  students  and  staff  members  of  the  Uni¬ 
versity  of  Alberta  as  well  as  soldiers  of  the  Princess  Patricia  Canadian 
Light  Infantry  stationed  at  Griesbach  Barracks,  Edmonton,  Alberta..  The 
ages  of  the  subjects  ranged  from  17  to  35  with  the  mean  age  being  23. 

The  tests  were  conducted  over  a  period  of  two  to  three  weeks  for  each 
subject  with  a  minimum  of  two  and  a  maximum  of  seven  days  between  separate 
te  s  t s  o 

In  order  to  reduce  the  possible  training  effect  of  the  series  of  tests 
on  the  obtained  mean  values  of  the  maximal  oxygen  intake  of  the  different 
tests,  the  testing  order  was  arranged  by  means  of  permutations.  The  per¬ 
mutations  of  testing  sequences  were  drawn  up  prior  to  the  commencement  of 
the  experimentation,  and  each  permutation  was  given  a  number.  Subjects  and 
numbers  were  matched  by  a  chance  procedure.  The  following  formula  was  used 
to  determine  the  permutation  numbers 

”p  s  number  of  arrangements  of  three  tests  taken  three  at  a  time 

A 

-  N  (n-l)o  o  o  (N-r+l)  -  Nil 

(N  -  r)i 

Where  N  =  r  =  3 

"Pr  «  3*  »  6 

Physical  Conditions  of  the  Testing  Situation:  As  has  been  noted  in  the  pre¬ 
vious  chapter,  the  maximal  oxygen  intake  can  be  affected  by  temperature  var¬ 
iation  (72,  82)  in  the  testing  situation.  In  this  study  the  laboratory 
temperature  was  standardized  at  7 2*  4  degrees  Fahrenheit  but  the  relative 
humidity  was  not  controlled. 

Standardization  of  the  Test  Situations  In  view  of  the  known  effect  of  the 


ingestion  of  food  on  pulse  rate  and  cardiac  output  (59  >  82)  no  test  was 
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scheduled  for  a  period  of  one  and  a  half  hours  following  a  meal.  Subjects 
were  requested  not  to  smoke  prior  to  the  test  and  although  Lundgren  (59) 
indicated  that  moderate  amounts  of  work  prior  to  a  test  did  not  affect 
the  maximal  oxygen  intake,  all  subjects  were  advised  not  to  perform  any 
abnormal  or  strenuous  activities  for  two  hours  before  their  appointment. 

In  all  instances,  the  test  schedules  for  each  individual  were  arranged  so 
that  the  subject  was  tested  at  the  same  relative  time  of  the  day. 
Orientation  Periods  Every  subject  was  brought  to  the  laboratory  one  to 
three  days  prior  to  the  commencement  of  the  actual  test  for  the  purpose  of 
orientation.  At  this  time  height,  weight,  age,  and  smoking  habits  were  re¬ 
corded.  The  testing  procedure  was  explained  as  carefully  as  possible  and 
each  subject  was  given  a  copy  of  his  testing  timetable.  Since  most  of  the 
subjects  were  unfamiliar  with  the  motor  driven  treadmill  and  the  bicycle 
ergometer,  they  were  given  ample  opportunity  to  practice  on  both  instru¬ 
ments  (57?  54) o  The  subjects  were  also  familiarized  with  the  respiratory 
apparatus.  Following  this  practice  period  the  subject  was  permitted  a 
thirty  minute  rest  and  this  was  followed  by  an  exhaustion  run  on  the  tread¬ 
mill  conducted  in  the  manner  described  by  Johnson,  Brouha  and  Darling  (51 )• 
Respiratory  Apparatus  8  A  Modified  Otis-McKerrow  two-way  respiration  valve 
of  low  resistance  diaphragm  type,  shown  in  Figure  V,  was  used  in  this 
study.  The  valve  was  connected  by  a  1.5  inch  flexible  plastic  hose  to  a 
200  liter  Douglas  bag.  A  three-way  Thomas  valve  was  placed  at  the  junction 
of  the  airway  leading  from  the  mouthpiece  into  the  Douglas  bag.  Figure  IV 
shows  how  the  valve,  mouthpiece,  and  connecting  tubes  were  supported  by  a 
headgear  comfortably  fitted  to  each  subject. 

Pulse  Rate  Recordings g  Heart  rate  recordings  were  made  by  means  of  the 
Sanborn  100  Viso-Electrocardiograph  shown  in  Figure  III.  Figure  IV  reveals 
the  placement  of  two  chest  electrodes  and  a  reference  electrode  fitted  to 


t 


-  20  - 


the  subject's  forehead,,  Careful  attention  was  given  to  preparation  of  the 
electrodes  with  Redux  paste  (tradename)  to  ensure  better  recordings. 

Surface  Areas  The  body  weight  and  height  of  each  subject  were  applied  to 
the  Du  Bois-Meeh  formula  (Consolazio  28s 2?)  to  obtain  values  for  surface 
area, 

Johnson?  Brouha  and  Darling  Test  of  Physical  Fitness  for  Strenuous  Exercise 
(Harvard  Physical  Fitness  Test)  (51 )°  This  test  was  used  by  Taylor,  et  al 
(82)  to  make  an  estimation  of  the  correct  grade  which  would  yield  a  maximal 
oxygen  intake.  The  test  was  performed  on  a  Motor  Driven  Treadmill  with  a 
speed  range  of  0=15  miles  per  hour.  Each  subject  was  told  exactly  what 
procedures  would  be  followed.  These  are  listed  below: 

1,  The  subject  warmed  up  by  walking  at  an  8.6  per  cent  grade  for  five 
minutes  at  3°5  miles  per  hour, 

2,  A  rest  period  of  five  minutes  in  the  sitting  position  was  allowed. 

5,  At  a  signal9  the  subject  began  to  run  uphill  at  7  miles  per  hour 

on  a  grade  of  8,6  per  cent.  If  he  was  not  exhausted  at  the  end 
of  the  five  minutes  he  was  stopped.  In  all  cases,  the  duration 
of  the  run  was  noted  to  the  nearest  second, 

4»  Recovery  time  was  noted  from  the  cessation  of  the  run  and  pulse 
rates  were  recorded  on  the  electrocardiogram  from  1  to  1.5,  2  to 
2.5,  and  4  to  4° 5  minutes  of  recovery, 

5o  An  arbitrary  score  of  physical  fitness  was  calculated  by  the  for¬ 
mula: 

(Seconds  the  subject  ran)  X  100 _ 

2  X  sum  of  three  half-minute  recovery  pulse  rates 

This  test  was  done  in  conjunction  with  a  related  study  that  included 
the  Taylor ,  Buskirk  and  Henschel  Maximal  Oxygen  Consumption  Test  (82). 
Mitchell,  Sproule  and  Chapman  Maximal  Oxygen  Intake  Test  (6l).  This  max¬ 
imal  oxygen  intake  test  has  been  described  by  Mitchell,  Sproule  and  Chap- 


. 
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man  (6l)  and,  with  some  modifications,  by  Cunningham  (32),  Coyne  (29)  and 
Watson  (90)o  However,  these  modifications  have  not  been  included  in  this 
experiment o  The  test  was  performed  on  a  motor  driven  treadmill.  The 
following  procedures  were  carefully  adhered  to? 

1.  A  10  minute  warm-up  walk  was  performed  at  3  miles  per  hour  on  a 
10  per  cent  grade 0  This  warm-up  was  followed  by  a  10  minute  rest 
in  the  sitting  position,, 

2.  Before  the  treadmill  was  started,  the  subject  was  connected  to  a 
two-way  Otis-McKerrow  valve  by  means  of  a  rubber  mouthpiece,  and 
his  nose  was  completely  closed  with  a  nasal  clamp. 

3„  The  exercise  runs  were  carried  out  at  a  speed  of  6.0  miles  per 
hour  for  2„5  minutes  and  expired  air  was  collected  in  a  Douglas 
bag  between  1  minute  and  30  seconds  and  2  minutes  and  30  seconds 
of  the  iun„ 

4°  Analysis  of  the  expired  air  was  immediately  carried  out. 

5°  After  a  10  minute  rest  period,  the  work  load  was  increased  by 
raising  the  grade  to  2o5  per  cent,  the  speed  being  held  at  6 
miles  per  hour,  and  the  procedure  was  repeated  until  the  oxygen 
intake,  measured  in  liters  per  minute,  levelled  off  or  declined. 
The  criterion  for  deciding  whether  or  not  maximal  oxygen  intake 
had  been  reached  has  been  determined  by  Mitchell,  et  al  (61:539) 
to  be  a  decline  in  value  or  an  increase  of  less  than  0.054  liters 
of  oxygen  per  minute  between  two  successive  tests. 

60  The  subject  was  requested  to  do  the  succeeding  work  level  in  order 
to  determine  any  further  changes  in  the  oxygen  intake  values  foll¬ 
owing  the  establishment  of  the  maximal  oxygen  intake  according  to 
the  criterion  established  by  Mitchell,  et  al  (6l). 
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Astrand  Bicycle  Ergometer  Test  of  Maximal  Oxygen  Uptake  (Modified).  The 
bicycle  ergometer  test  was  carried  out  on  a  Monark  Bicycle  Ergometer  which 
was  designed  by  von  Dobein  (85;  and  which  works  on  the  principle  of  a 
weighing  device  called  the  sinus  balance .  Figure  VIII  shows  the  bicycle 
used  and  Figure  IX  reveals  a  close  view  of  the  sinus  balance  during  calib- 
ration0  The  procedures  adopted  were  closely  patterned  after  those  used 
and  established  by  Astrand  (4>  5?  6»  7»  10).  The  only  modification  to  the 
test  was  to  have  the  subjects  perform  the  test  in  a  single  experimental 
period  until  the  maximal  oxygen  intake  criterion  was  reached. 

The  pedalling  frequency  was  established  by  means  of  an  electric  met¬ 
ronome  (with  attached  visual  stimulator)  which  was  set  at  exactly  100 
single  beats  per  minute 0  The  metronome  timing  was  followed  so  that  50 
complete  pedal  turns  per  minute  were  ma.de .  The  sinus  balance  was  carefully 
zeroed  before  the  commencement  of  the  test. 

When  the  work  was  started,  the  brake  belt  was  slack  and  was  quickly 
adjusted  to  the  desired  work  level  by  stretching  the  belt  with  the  aid  of 
a  handwheel  designed  for  the  purpose 0  This  adjustment  could  be  made  in  a 
few  seconds  but  as  the  wheel  and  belt  warmed  up  the  friction  sometimes 
changed,  necessitating  the  occasional  readjustment.  A  check  of  the  load 
was  made  at  least  once  a  minute. 

The  height  of  the  saddle  was  adjusted  so  that  when  the  subject  had  the 
front  part  of  the  sole  of  his  foot  level  on  the  pedal,  a  slight  bend  of  the 
knee  joint  resulted  in  the  extended  leg  (i.e.,  the  front  part  of  the  knee 
was  straight  above  the  tip  of  the  toes).  The  handlebars  were  adjusted  to 
the  subject 8s  liking. 

The  same  equipment  used  to  obtain  heart  rate  and  expired  gas  samples 
in  the  treadmill  tests  was  utilized  in  this  test. 


Procedure  % 


1o  The  subject  was  allowed  to  warm-up  for  six  minutes  at  the  600  kpm 
work  level  which  was  followed  by  a  five  minute  rest  interval, 

2c.  The  work  load  was  increased  to  900  kpm  and  the  subject  again  ped¬ 
alled  at  a  frequency  of  50  revolutions  per  minute  for  six  minutes. 

At  5  minutes  and  JO  seconds  of  the  ride  the  subject  was  connected 
to  an  Otis-MeKerrow  two-way  breathing  valve  by  means  of  a  rubber 
mouth  piece  and  his  nose  was  completely  closed  with  a  nasal  clamp. 

Two  expired  gas  samples  were  obtained,  one  between  the  fourth  and 
fifth  minute  and  a  second  between  the  fifth  and  sixth  minute.  The 
mean  values  of  oxygen  consumption  were  used  unless  the  second  bag 
showed  a  significantly  higher  value  (10).  A  difference  of  greater 
than  00  milliliters  was  considered  to  be  a  significant  difference  (5). 
Jo  A  second  5  minute  rest  period  ensued  and  this  was  followed  by  6 
minutes  of  work  at  the  1200  kpm  level.  The  above  procedure  was 
repeated  through  the  1500,  1800,  1950  kpm  levels  or  portions 
thereof  or  until  the  oxygen  intake  levelled  off  or  declined.  The 
criterion  for  deciding  whether  or  not  the  maximal  oxygen  intake 
had  been  reached  was  given  by  Astrand  (3s  49 )  to  be  a  decline  in 
value  or  an  increase  between  two  successive  recordings  on  separate 
work  levels  of  less  than  0,081  liters  of  oxygen  per  minute. 

4,  The  subject  was  then  requested  to  attempt  the  next  work  load  in 
order  to  ascertain  changes  that  might  occur  in  the  oxygen  uptake 
values  following  the  establishment  of  the  maximal  oxygen  uptake 
according  to  Astrand0 s  criterion. 

Modified  Astrand-Ryhming  Nomogram  for  the  Prediction  of  Maximal  Oxygen  Up¬ 

take  from  Submaximal  Work  (5«  1l),  For  all  subjects  in  this  study,  the  work 
level  was  initially  set  at  900  kpm.  Saddle  and  handle-bar  height  were 
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adjusted  as  per  previous  description  and  the  pedal  frequency  established 
at  50  revolutions  per  minute 0  Heart  rate  recordings  were  made  on  a  Sanborn 
100  Viso-electrocardiograph  during  the  last  five  seconds  of  every  minute. 

The  subject  pedalled  at  this  work  level  until  a  steady  state  was  attained. 
If,  after  six  minutes  this  steady  state  was  not  in  the  range  of  125  to  170 
beats  per  minute,  the  work  load  was  increased  to  1200  kpm  and  the  subject 
continued  to  ride  until  a  steady  pulse  rate  was  reached. 

The  steady  state  pulse  rate  value  was  then  applied  to  the  Astrand- 
Ryhming  nomogram  (ll)  as  adjusted  for  age  (3)  in  relation  to  the  work  load 
and  a  maximal  oxygen  uptake  value  was  estimated. 

Figure  VII  demonstrates  the  performance  of  a  subject  doing  the  sub- 
maximal  test. 

Method  of  Determining  Oxygen  Consumption.  The  expired  air  in  the  Douglas 
bag  was  analysed  for  the  percentage  of  oxygen  by  drawing  a  sample  of  expired 
air  through  the  exit  tubing  of  the  bag  via  a  vinyl  hose  into  a  Beckman 
#E~2  oxygen  analyser.  The  percentage  of  carbon  dioxide  was  determined  by 
the  same  procedure.,  using  a  #KK  Godart  Capnograph  infra-red  carbon  dioxide 
analyser.  Both  gas  analysers ,  shown  in  Figure  I,  were  carefully  calibrated 
prior  to  use  each  day  and  at  regular  intervals  during  the  testing  procedure. 
The  volume  of  expired  air  was  determined  by  passing  the  contents  of  the  bag 
via  a  1.5  inch  rubber  hose  leading  from  the  three-way  Thomas  valve  through 
a  #802  American  Meter  Company  Gasometer  at  a  constant  rate  of  70  liters 
per  minute  with  a  Collins  #p~553»  l/l5  horse  power  centrifugal  pump  shown 
in  Figure  I.  The  total  volume  was  corrected  to  standard  temperature  and 
pressure  dry  from  a  table  of  factors  calculated  with  the  formula  given  by 
Consolazio  (28s 6).  For  the  calculation  of  oxygen  consumption,  the  change 
in  nitrogen  content  for  correction  of  expired  to  inspired  volumes,  as 
described  by  Peters  and  Van  Slyke  (65),  was  employed.  The  method  of 


FIGURE  VI.  (left  to  right) 
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calculation  is  shown  below g 

1 .  The  following  symbols  are  used  for  this  study: 

a)  Fa  -  io  of  a  particular  gas  in  expired  air. 

b)  Fi  ss  56  of  a  particular  gas  in  inspired  air. 

c)  Ve  ®  Volume  expired. 

d)  Yi  s  Volume  inspired. 

e)  ATPS  a  Atmospheric  temperature,  pressure,  saturated. 

f)  STPD  *  Standard  temperature,  pressure,  saturated. 

2.  The  corrected  volume  of  air  expired  is: 

Ve  air  STPD  =  Ve  ATPS  X  the  factor  for  reducing  a  volume  of  moist 

gas  to  a  volume  of  dry  gas  at  0°  C.  and 
760  m.m.  of  mercury. 

3.  The  corrected  per  cent  of  oxygen  in  the  expired  air  is: 

Fe  Op  "  Analyser  reading  X  2.3 

1000 

4<>  The  volume  of  inspired  air  is: 

Vi  air  STPD  «  Ve  air  STPD  X  Fe  N2  (Fi  N2  =  79.03) 

Fi  N2 

5o  The  total  volume  of  oxygen  inspired  (not  all  consumed)  is: 

Vi  02  -  Vi  air  X  Fi  02  (Fi  02  »  20.94) 

6.  The  volume  of  oxygen  expired  (not  consumed)  is: 

Ve  02  -  Fe  02  X  Ve  air 
“l00“ 

7.  The  amount  of  oxygen  consumed  isg 
V02  -  Vi  02  ***  Ve  02 

Calibration  of  Instruments  and  Accuracy  of  Calibration  Gases 
Treadmill .  The  elevations  of  the  treadmills  used  in  this  experiment  were 
carefully  checked  by  means  of  a  Miracle  Point  Mercury  Balance  Model  10  In¬ 
clinometer  which  registered  in  degrees.  The  values  were  converted  to  a  per 
cent  seals  by  using  a  table  of  tangents  (23). 


. 


FIGURE  IX.  Calibration  technique  for  Monark 

Bicycle  Ergometer  using  3  kilogram  weight 
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Bicycle  Ergometer.  The  sinus  balance  was  calibrated,  by  means  of  a  set  of 
stainless  steel  weights,  #750  Class  S-1  Serial  No.  7Y1458  (see  Figure  IX ) 
in  the  f ©Plowing  manner  ( 8  s 5 ) § 

a)  The  brake  drum  was  removed  and  the  mark  on  the  pendulum  weight  was 
set  at  5,0". 

b)  A  one  kilogram  weight  was  attached  to  the  spring  as  shown  in  Figure 
IX.  Weights  were  added  or  taken  from  the  spring  as  required  to  bring  the 
mark  on  the  pendulum  to  the  required  scale  mark  of  5,1-kp". 

c)  The  process  was  continued  through  '^-kp”,  M3-kp"  and  so  on  up  to 
"7-kp"0 

d)  If  adjustment  was  required  it  was  made  by  means  of  an  adjusting 
screw  which  altered  the  center  of  gravity  of  the  sinus  balance. 

American  Volume  Meter  and  Collins  Centrifugal  Pump.  The  rate  of  flow 
through  the  #802  American  Meter  Company  Gasometer  was  checked  by  evacua¬ 
ting  a  known  quantity  of  gas  from  a  Collins  Chain-Compensated  Gasometer 
with  a  capacity  of  120  liters  and  a  factor  of  133°  2  cc/min. 

Calibration  Gases  for  the  Beckman  E°2  Oxygen  Analyzer  and  Godart  Capnograph 
Carbondioxide  Analyzer. 

The  calibration  gases  used  for  calibrating  the  two  instruments  were 
evaluated  several  times  by  means  of  an  analytical  procedure  outlined  by 
Scholander  (74)  (see  Figure  Il)0  The  tests  were  carried  out  by  the  lab¬ 
oratory  technician  in  the  Department  of  Physiology  and  the  Cardio-Pulmonary 
laboratory  of  the  University  of  Alberta  hospital. 

Statistical  Procedures „ 

1o  The  Pearson  Product -moment  correlation  coefficient  (41:92)  was 
used  to  determine  the  relationships  between  subjects  and  tests  for  all 
values  obtained.  These  were  also  carried  out  with  the  measured  parameters 
of  height  and  weight  and  the  calculated  values  for  surface  area.  Calculations 
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were  performed  'by  an  IBM-1 620  Electronic  Computer  using  a  program  of  simple 
correlations  (#1620-013)  which  also  provided  a  mean,  standard  deviation, 
and  variance  for  each  variable,,  A  t-test  was  run  for  significance  of  the 
difference  between  correlations  (78s 253)°  A  two-way  analysis  of  variance 
was  determined  using  the  means  obtained  from  the  three  maximal  oxygen  tests. 
Duncan“s  New  Multiple-Range  test  was  used  to  determine  if  differences  be¬ 
tween  means  had  occurred o 


CHAPTER  IV 


RESULTS  AND  DISCUSSION 


Results 

Means,  Standard  Deviations  and  Range  Values  for  Height,  Weight  and  Sur¬ 
face  Areas  Table  I  gives  the  means,  standard  deviations  and  range  values  for 
the  forty-eight  subjects  used  in  the  study . 


TABLE  I 

DATA  FOR  HEIGHT,  WEIGHT  AND  SURFACE  AREA 


Parameter 

Mean 

Standard 

Deviation 

Range 

Height 

(inches) 

70o1 

2o4 

67.O  -  78.0 

Weight 

(kilograms) 

75.46 

8o?1 

53.98  -  96.39 

Surface  Area* 
(square  meters) 

1.927 

0.126 

1.588  -  2o214 

*  Consolazio  ( 28s 27),  calculated  from  the  Du  Bois-Meeh  formulae 
Means,  Variances  and  Standard  Deviations  for  the  Maximal  Oxygen  Con¬ 
sumption  Tests;  The  means,  standard  deviations  and  variances  for  maximal 
oxygen  consumption  obtained  on  the  three  tests  used  in  this  study  are  given 
in  Table  II 0 


TABLE  II 

MEAN  MAXIMAL  OXYGEN  CONSUMPTION  VALUES 


Maximal 

Oxygen  Consumption 

Test 

liters/ 

4iin  o 

ml. /kg. /min. 

Mean 

S  0  D  0 

Variance 

Mean 

S  0  Do 

Variance 

Mitchell,  Sproule  and 
Chapman 

3.674 

<513 

.263 

48o  90 

6.52 

42.52 

Astrand  Bicycle 
Ergometer 

3°  425 

*459 

o210 

45.62 

5.58 

31.16 

A s  t rand-Ryhming 
Nomogram 

3»664 

o782 

0  6l  1 

48.60 

9.06 

82.15 

■ — — — ■  — -  -■  ■  -  —  -■ — -  -■ 

So  Do  **  Standard  Deviation 
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The  mean  score  (Fitness  Index)  for  the  forty-eight  subjects  on  the 
Johnson ,  Brouha  and  Darling  Test  of  Physical  Fitness  was  65.05  ~  19® 44  and 
the  mean  time  for  the  twenty-five  subjects  who  did  not  complete  the  run 
(endurance  time  <  300  seconds)  was  199® 26  t  50.95  seconds . 

Correlation  Coefficients s  The  relationships  between  the  values  obtained 
on  the  maximal  oxygen  intake  tests,  the  values  obtained  on  the  Johnson,  Brouha 
and  Darling  test  and  the  determined  parameters  of  the  forty-eight  subjects 
were  obtained  using  a  program  of  simple  correlations  developed  for  an  Inter¬ 
national  Business  Machine  Model  1620  computer »  The  correlations  were  deter¬ 
mined  using  both  milliliters  of  oxygen  consumed  per  kilogram  of  body  weight 
per  minute  and  in  liters  of  oxygen  consumed  per  minute  for  each  of  the  oxygen 
consumption  tests 0  The  Pearson  Product -moment  correlation  coefficient  was 
the  basis  of  the  program  usedo  Table  III  contains  the  results  of  the  com¬ 
puter  analysis. 


TABLE  III 

CORRELATION  COEFFICIENTS  OBTAINED  BETWEEN  three  MAXIMAL  OXYGEN  CONSUMPTION 
TESTS  AND  JOHNSON,  BROUHA  AND  DARLING  FITNESS  SCORES  AND  ENDURANCE  TIMES, 

HEIGHTS,  WEIGHTS  AND  SURFACE  AREAS 
(N  -  48) 


Test 

JBD 

Height 

Weight 

Surface 

Area 

FI 

tr"(n-25T 

Mitchell,  Sproule 

liters/min0 

o  58** 

c26 

.34* 

®50** 

.48** 

and  Chapman 

ml c/kgo/min0 

,46** 

.45* 

-.19 

-.34* 

-.31* 

Astrand  Bicycle 

liters/min0 

046** 

o38 

®39** 

.49** 

.50** 

Ergometer 

mlo/kgc/min0 

®55** 

.42* 

-o13 

-.36* 

-.29* 

A  s  trand-Ryhming 

liters/mino 

®55** 

.13 

®33* 

.49** 

.48** 

Nomogram 

mlo/kgo/mino 

069** 

o28 

.01 

-.04 

-.02 

JBD  -  Johnson,  Brouha  and  Darling  Physical  Fitness  Testo 
FI  -  Fitness  Index 
TR  -  Time  Run  (endurance) 

**  -  Statistically  significant  at  the  O01  level 
*  -  Statistically  significant  at  the  .05  level 


It  should  be  noted  that  the  correlations  in  Table  III  have  all  been  cal- 
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culated.  on  the  basis  of  forty-eight  subjects  except  in  the  case  of  time  run 
(endurance)  on  the  Johnson,  Brouha  and  Darling  Test.  Twenty-three  of  the 
subjects  completed  the  run  and  necessarily  had  to  be  depleted  from  that  com¬ 
parison  in  order  to  conform  to  the  requirements  of  the  Pearson  Product- 
moment  correlation  determinations  (39s86)°  With  this  smaller  number  of 
subjects  (N  =  25)  a  greater  correlation  was  necessary  for  significance. 

The  relationships  between  the  three  tests  of  maximal  oxygen  intake  are 
given  in  Table  IV  in  terms  of  both  liters  per  minute  and  milliliters  per  kil¬ 
ogram  of  body  weight o 


TABLE  IV 

COREELATION  COEFFICIENTS  OBTAINED 
BETWEEN  THE  THREE  MAXIMAL  OXYGEN  CONSUMPTION  TESTS 


Astrand  Bicycle 
Ergometer 

liters/mino  mlo/kg./min. 

A  s  t r and-Ryhming 
Nomogram 

liters/min.  ml. /kg. /min. 

Mitchell,  Sprouie  liters/min,  „51 

.6? 

and  Chapman 

mlo/kgo/mino  .39 

A strand  Bicycle 

liters/min 0 

.62 

Ergometer 

mlo/kgo/mino 

<>47 

All  correlations  were  found  to  be  significantly  greater  than  zero  at 
the  o01  level  of  confidence  (for  forty-eight  subjects  r  =  <>372  indicated 
such  significance )0 

The  design  of  the  three  tests  of  maximal  oxygen  intake  differed  widely. 
Two  of  the  tests  required  elaborate  and  extensive  equipment  to  determine  a 
value,  as  defined  for  each  test,  for  an  individual's  maximal  oxygen  uptake, 
while  the  third  test  was  a  simple  and  short  predictive  test.  It  was  there¬ 
fore  of  importance  to  determine  whether  any  significant  relationships  occurred 
between  the  predicted  and  actual  values  of  maximal  oxygen  consumption.  Sim¬ 
ilarly  it  was  of  interest  to  see  if  one  or  more  of  the  tests  of  maximal  oxygen 
uptake  correlated  better  than  the  others  with  the  physical  fitness  score. 
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To  test  these  relationships  a  t-test  described  in  Walker  and  Lev  (89? 25 6) 
using  the  hypothesis  thaty^-j  ~f>2  was  utilized* 

The  fitness  index  was  found  to  correlate  significantly  better  with  the 
Astrand-Ryhming  Nomogram  (r  «  069)  than  with  the  Mitchell,  Sproule  and 
Chapman  test  (r  =  *46)  when  the  oxygen  consumption  tests  were  expressed  in 
terms  of  milliliters  per  kilogram  of  body  weight  (p  =  *01 ).  No  other  sig¬ 
nificant  differences  were  found  when  the  correlations  were  tested  (p  =  .01). 

Analysis  of  Variance  of  Maximal  Oxygen  Consumption  Values:  In  order 
to  test  the  means  of  the  three  tests  of  maximal  oxygen  consumption  a  two-way 
analysis  of  variance  was  used*  The  test  was  designed  to  test  the  signifi¬ 
cance  of  the  difference  between  means  from  correlated  samples  (41:29l).  A 
summary  of  the  results  of  the  variance  analysis  for  data  expressed  in  liters 
per  minute  appears  in  Table  V  and  results  of  the  variance  analysis  in  terms 
of  milliliters  per  kilogram  of  body  weight  per  minute  appear  in  Table  VI. 

TABLE  V 

ANALYSIS  OF  VARIANCE  FOR  THE  THREE  TESTS 
OF  MAXIMAL  OXYGEN  CONSUMPTION 
(Liters  of  oxygen  consumed  per  minute) 


Source  of  Variation 

Sum  of  Squares 

df 

Mean  Square 

F 

Between  Tests 

1*897 

2 

.949 

6.04** 

Between  Subjects 

36.175 

47 

.770 

4.90** 

Interaction 

14*802 

94 

.156 

Total 

52.874 

143 

**  Statistically  significant  at  the  *01  level. 
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TABLE  VI 

ANALYSIS  OF  VARIANCE  FOR  THE  THREE  TESTS 
OF  MAXIMAL  OXYGEN  CONSUMPTION 

(Milliliters  of  oxygen  consumed  per  kilogram  of  body  weight  per  minute) 


Source  of  Variation 

Sum  of  Squares 

df 

Mean  Square 

F 

Between  Tests 

315*86 

2 

157.93 

5*50** 

Between  Subjects 

4^25.15 

47 

98.41 

3.45** 

Interaction 

2699*35 

94 

28.72 

Total 

7640.36 

143 

**  Statistically  significant  at  the  .01  level. 


Both  the  raw  score  means  (liters  per  minute)  and  the  means  expressed  in 
milliliters  per  kilogram  of  body  weight  are  shown  to  be  statistically  diff¬ 
erent  at  the  .01  level  of  confidence  using  the  F -ratio  test.  This  means 
that  the  null  hypothesis  with  respect  to  tests  does  not  hold  true  and  must, 
therefore,  be  rejected.  The  F “ratio  test,  indeed,  supports  the  alternative 
hypothesis  that  a  real  difference  does  exist  between  the  three  means. 

The  F-ratio  test  also  shows  highly  significant  differences  between  sub¬ 
jects,  as  can  normally  be  expected.  Some  subjects  obtained  values  that  were 
consistently  better  than  others  on  all  trials. 

Now  that  a  real  difference  has  been  shown  to  occur  between  means,  it 
must  be  determined  where  this  significance  lies.  Duncan 11  s  New  Multiple- 
Range  test  (78 g 107)  indicated  highly  significant  differences  (p  =  .01)  be¬ 
tween  the  mean  obtained  from  scores  on  the  Astrand  Bicycle  Ergometer  and  the 
means  from  each  of  the  other  two  tests.  No  statistical  differences  occurred 
between  any  other  means.  The  results  of  these  analyses  are  given  in  Tables 


VII  and  VIII 


TABLE  VII 


DUNCAN'S  NEW  MULTIPLE -RANGE  TEST  APPLIED  TO  THE  DIFFERENCES 
BETWEEN  K  =  3  TREATMENT  MEANS  EXPRESSED  IN  LITERS  PER  MINUTE 


Means 

3°  425 

3  c  664 

3.674 

Least  Significant  R 

3°  425 

— 

.239** 

.249** 

R  =  .221 

3  c  664 

- 

.010 

R  =  .212 

**  Statistically  significant  at  the  .01  level. 


TABLE  VIII 

DUNCAN'S  NEW  MULTIPLE-RANGE  TEST  APPLIED  TO  THE  DIFFERENCES 
BETWEEN  K  -  3  TREATMENT  MEANS  EXPRESSED  IN  MILLILITERS 


PER 

KILOGRAM  OF 

BODY  WEIGHT 

PER  MINUTE 

Means 

45.62 

48.60 

48.90 

Least  Significant  R 

45.62 

«= 

2.98** 

3.28** 

R  =  2.98 

48.60 

CO 

.30 

R  =  2.87 

**  Statistically  significant  at  the  .01  level. 

Homogeneity  of  Variances  A  necessary  assumption  of  the  analysis  of 
variance  is  homogeneity  of  variance.  A  t-test  for  homoscedasticity  of  cor¬ 
related  samples  (Fergusons  143)  was  applied  and  the  modified  Astrand-Ryhming 
test  was  found  to  have  a  significantly  greater  variance  (p  =  .01 )  than  each 
of  the  maximal  tests.  No  difference  was  found  between  the  maximal  tests. 

A  graphic  representation  of  the  spread  of  the  score  distributions  on  the 
three  tests  is  given  in  Figure  X,  page  40. 

Discussions 

Because  of  the  increasing  importance  placed  on  maximal  oxygen  consump¬ 
tion  by  physiologists,  medical  doctors  and  physical  educators  as  an  objective 
measure  of  physical  fitness  (6l,  63)  it  was  the  purpose  of  this  study  to 
evaluate  an  inexpensive  predictive  test  of  aerobic  capacity  in  terms  of  two 
actual  tests  performed  on  a  treadmill  and  a  bicycle  ergometer. 

The  mean  values  obtained  from  the  tests  executed  in  this  study  agree 
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in  character  with  values  cited  in  the  literature.  Buskirk  and  Taylor  re¬ 
ported  a  value  of  3° 44  -  0.46  liters  per  minute  for  a  group  of  sedentary 
students  and  soldiers,  aged  18  to  29  (22:72),  and  Mitchell,  et  al  (6l:54l) 
reported  a  value  of  3° 37  ~  0.51  liters  per  minute  for  a  similar  group. 

More  recently,  Hettinger  reported  values  of  2.38  liters  per  minute  on  the 
Astrand  Bicycle  test  and  2.62  liters  per  minute  on  the  Astrand-Ryhming  pre¬ 
dictive  test  ( 45 s 154)  as  performed  by  28  Philadelphia  policemen,  aged  20  to 
30  years.  The  corresponding  values  obtained  in  the  present  study  were  3*87 
t  0.51  on  the  Mitchell,  et  al  test,  3»66  -  0.78  on  the  modified  Astrand- 
Ryhming  predictive  test  and  3 <>43  -  0.46  on  the  modified  Astrand  Bicycle 
test.  These  means  were  obtained  from  a  group  of  physically  active  males, 
aged  17  to  35  and  should  be  expected  to  be  slightly  greater  in  value.  The 
means  given  for  highly  trained  subjects  are  greater  still.  Astrand  reported 
4.15  *  0.36  for  33  Swedish  athletes  aged  20  -  29  (5)>  Buskirk  and  Taylor 
(22:72)  gave  a  value  of  3° 95  -  0.43  for  young  trained  subjects,  and  Slonin, 
et  al  (cited  in  6l s 542 )  indicated  a  mean  of  4»05  ~  0.39  liters  per  minute 
for  65  young  trained  men.  These  higher  values  were  probably  a  result  of  a 
greater  degree  of  cardiovascular  fitness  of  the  subjects. 

A  significantly  lower  mean  value  of  maximal  oxygen  consumption  was  ob¬ 
tained  from  the  direct  Astrand  test  when  compared  to  the  other  tests  in  this 
study.  Astrand  and  Salt in  (12)  agreed  with  the  conclusion  of  Taylor,  et  al 
(82)  that  individual  performance  on  maximal  oxygen  consumption  tests  was  de¬ 
pendent  upon  the  nature  of  the  physical  activity  as  well  as  the  muscle  mass 
involved.  They  stated  that  running  uphill  produced  a  five  percent  greater 
maximal  value  (p  =  .05)  than  cycling  (12).  Muscle  fatigue  must  also  be 
considered  a  factor.  Subjects  almost  always  reported  that  termination  of 
the  Astrand  Bicycle  test  was  a  result  of  local  muscular  fatigue  (quadriceps) 
and  not  total  body  fatigue.  Perhaps  the  local  oxygen  supply  could  not  be 
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utilized  by  the  muscle  itself  even  though  excess  oxygen  was  available  from 
the  cardiovascular  system0  Rodahl  (71 )  refers  to  this  as  the  inability  of 
a  subject  to  load  the  circulation  fully  because  of  muscular  insufficiency. 

Of  prime  interest  is  the  fact  that  the  Astrand-Ryhming  predictive  test 
differed  significantly  from  the  Astrand  test  (p  =  .01 )  and  yet  was  not  diff¬ 
erent  from  the  Mitchell ,  et  al  test.  Since  both  bicycle  tests  were  completed 
on  the  same  ergometer,  one  would  expect  a  better  relationship  between  them. 
Hettinger,  et  al  (45)  in  their  study  of  American  policemen,  reported  similar 
relationships  between  the  same  two  tests  (p  =  .05).  The  results  of  Astrand- 
Ryhming8  s  study  do  not  agree.  Recall  that  their  nomogram  was  constructed 
from  the  performance  of  well  trained  athletes  who  were  probably  accustomed 
to  cycling  and  could  exert  themselves  to  a  great  cardiovascular  limit  on 
the  bicycle.  The  subjects  in  this  and  Hettinger's  study  were  in  all  prob¬ 
ability,  not  bicycle  oriented  and  as  a  result  could  have  terminated  their 
efforts  because  of  local  muscle  fatigue  and/or  lack  of  psychological  drive 
(71 )o  Rodahl  also  reports  that  further  analysis  of  three  groups  of  untrained 
subjects,  with  special  attention  paid  to  maximum  effort  by  the  use  of  blood 
lactate  measurements,  produced  differences  between  the  two  tests  of  about 
1,  5?  and  4.8  percent,  of  which  none  were  significant  (71:254)»  This  would 
suggest  that  the  Astrand  Bicycle  test,  without  careful  control  and  severe 
motivation  is  not  highly  efficient  in  measuring  individuals  without  cycling 
experience.  Investigations  of  non~cycling  populations  are  necessary  before 
this  could  be  ascertained. 

The  fact  that  the  predictive  test  results  in  a  mean  of  the  same  magni¬ 
tude  as  the  treadmill  test  suggests  that  it  predicts  maximal  oxygen  consump¬ 
tion  with  considerable  accuracy.  Before  any  conclusions  are  drawn,  however, 
the  following  discussion  should  be  carefully  considered. 

It  was  found,  using  a  t-test  for  homogeneity  of  variance  (59:145)>  that 
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the  modified  Astrand-Ryhming  test  had  a  significantly  greater  variance  (p  = 
oOl)  than  either  of  the  actual  tests.  No  difference  was  found  in  a  variance 
comparison  of  the  actual  testso  Rodahl  (71s284),  one  of  the  co-authors  of 
the  Hettinger,  et  al  study  (45)  reports  standard  deviations  of  0*28  liters 
per  minute  for  the  Astrand  Bicycle  test  and  0.48  liters  per  minute  for  the 
Astrand-Ryhming  nomogramo  When  converted  to  variance  estimates  and  tested 
for  homogeneity,  they  were  found  to  be  significant  at  the  .01  level. 

In  an  attempt  to  analyse  the  reasons  for  such  variance  differences,  the 
distributions  of  scores  obtained  on  the  tests  in  this  study  were  graphed  in 
the  form  of  histograms  and  are  shown  in  Figure  X.  It  can  be  readily  seen 
that  the  range  of  values  on  the  Astrand-Ryhming  test  (2.26  -  5 • 37 )  is  greater 
than  that  of  the  Mitchell,  Sproule  and  Chapman  test  (2.55  -  4-73)  or  the 
Astrand  Bicycle  test  (2o50  -  4°54)°  Possible  reasons  for  this  spread  are: 

1c)  It  was  observed  in  the  Mitchell,  et  al  test  that  sixteen  of  twenty- two 
subjects  that  attempted  greater  test  loads  than  the  one  at  which  they  reached 
their  maximum  oxygen  consumption,  as  determined  by  the  test  criterion,  att¬ 
ained  a  value  that  was  greater  than  their  "test  maximum'1.  If  these  higher 
values  were  recorded,  the  upper  end  of  the  curve  would  fill  out  more  and  a 
larger  range  might  result.  For  example,  subject  47  in  this  study  is  ranked 
number  47  on  the  Mitchell,  et  al  test  but  the  value  he  eventually  reached 
would  have  placed  him  in  rank  8.  2.)  Although  none  of  the  sixteen  subjects 

that  attempted  greater  loads  on  the  Astrand  Bicycle  test  reached  a  higher 
oxygen  consumption  value,  it  appeared  that  two  factors  were  at  work,  (i)  The 
increments  outlined  in  the  test  seem  to  be  much  too  large  in  view  of  the 
sudden  inability  of  many  subjects  to  carry  on  with  the  test,  and  (ii)  Mus¬ 
cle  fatigue,  specifically  the  quadriceps,  was  most  often  the  reason  that 
subjects  gave  for  terminating  the  test.  Both  of  these  factors  would  tend 
to  reduce  the  upper  range  of  the  oxygen  consumption  distribution.  If  some 
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FIGURE  X  SCORE  DISTRIBUTIONS  (N  =  48) 


Predictive  Test 


liters/mino  mlo/kg0/min. 


Bicycle  Test 
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way  were  devised  to  overcome  this  difficulty  by  using  a  more  suitable  in¬ 
crement  system  then  the  variances  of  these  actual  tests  might  increase 
enough  to  be  more  in  line  with  the  variance  of  the  predictive  test. 

The  fact  must  not  be  overlooked,  however,  that  the  Astrand-Ryhming  nom¬ 
ogram  was  calculated  from  emperical  data  and  is  based  upon  a  spread  of 
actual  values.  The  consolidation  of  these  scores  into  a  single  regression 
line  and  subsequent  application  of  individual  values  could  conceivably  mag¬ 
nify  any  errors.  This  would  lead  one  to  expect  a  greater  variance  in  max¬ 
imal  values  predicted  from  such  a  nomogram.  It  seems  obvious  that  detailed 
investigation  into  the  causes  of  these  variance  differences  is  needed  before 
any  confidence  can  be  placed  in  the  Astrand-Ryhming  nomogram  as  a  predictor 
of  aerobic  capacity. 

The  author  is  aware  that  a  lack  of  homo see das ticity  violates  one  of  the 
assumptions  required  for  use  of  the  F-ratio  test.  Ferguson  relieves  the 
situation  somewhat  by  making  the  statement,  "Moderate  departures  from  homo¬ 
geneity  should  not  seriously  affect  the  inferences  drawn  from  the  data", 
(39*240). 

Correlation  analyses  revealed  a  number  of  important  relationships.  The 
predictive  test  maximal  oxygen  uptake  values  proved  to  be  as  highly  correl¬ 
ated  with  the  values  from  each  of  the  actual  tests  as  the  latter  values  were 
with  each  other.  This  implies  that  the  Astrand-Ryhming  test  is  as  good  at 
predicting  the  results  on  either  of  the  actual  tests  as  the  actual  tests 
are  at  predicting  results  on  each  other. 

The  Johnson,  Brouha  and  Darling  fitness  index  correlated  significantly 
(p  =  .01)  with  each  of  the  oxygen  consumption  tests.  It  should  be  noted 
that  the  relationship  between  the  fitness  index  and  the  predictive  test 
(O.69)  is  significantly  greater  (p  =  .01)  than  the  relationship  between 
the  fitness  index  and  the  Mitchell,  et  al  test  (O.46)  when  weight  is 


-  42  - 


partialled  out„  Even  though  this  correlation  may  be  spurious  because  both 
tests  are  based  on  heart  rates,  it  may  also  show  that  the  modified  Astrand- 
Ryhming  test  is  better  at  predicting  physical  fitness,  as  measured  by 
Johnson,  et  al,  than  is  the  treadmill  testo  The  data  from  this  study  is 
inadequate  to  differentiate  between  these  possibilities. 

In  view  of  the  fact  that  the  predictive  test  is  short,  non-exhaust ive 
and  simple,  in  comparison  to  the  actual  tests,  it  would  be  highly  advantageous 
to  use  it  with  confidence.  Even  though  a  skilled,  knowledgable  operator  is 
necessary,  the  benefit  of  using  a  single  operator,  as  opposed  to  two  or  more 
in  the  actual  tests,  is  obvious. 

Additional  information  has  been  provided  from  correlation  of  height, 
weight,  and  surface  area  with  the  values  just  discussed.  Height  showed  a 
significant  relationship  with  values  expressed  in  liters  per  minute  obtained 
on  the  Astrand  Bicycle  test  (p  ■  oQl),  the  Mitchell,  et  al  test  (p  =  .05) 
and  the  Astrand  predictive  test  (p  -  .05).  It  appears  from  the  following 
correlations  with  weight  and  body  surface  area  that  the  correlations  observed 
with  height  are  simply  a  carry  over  from  the  weight  that  generally  goes  with 
added  height.  Weight,  as  would  be  expected,  correlated  significantly  (p  =  .01) 
with  all  three  of  the  maximal  oxygen  intake  tests  when  expressed  in  liters 
per  minute,  as  did  body  surface  area.  With  weight  partialled  out,  however, 
the  relationships  became  significantly  negative  at  the  .05  level.  Since 
body  surface  area  is  largely  determined  by  body  weight,  correlations  involv¬ 
ing  these  parameters  were  virtually  identical. 

No  significant  relationships  occurred  between  height,  weight,  or  body 
surface  area  and  either  the  fitness  scores  or  time  run  on  the  Johnson, 


Brouha  and  Barling  test 


CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 

The  purpose  of  this  study  was  to  evaluate  the  modified  Astrand-Ryhming 
nomogram  as  an  estimator  of  maximal  oxygen  consumption,  as  measured  hy  the 
Mitchell,  Sproule  and  Chapman  Maximal  Oxygen  Intake  test,  and  the  modified 
Astrand  Bicycle  Ergometer  test  of  Maximal  Oxygen  Uptake.  The  oxygen  con¬ 
sumption  values  were  also  correlated  with  height,  weight,  and  body  surface 
area  as  well  as  the  fitness  score  and  time  run  on  the  Johnson,  Brouha  and 
Darling  test  of  Physical  Fitness. 

Forty-eight  physically  active  males,  aged  17  to  35  comprised  of  stu¬ 
dents  and  staff  from  the  University  of  Alberta  and  soldiers  stationed  at 
Greisbach  Barracks,  Edmonton,  Alberta  made  up  the  sample.  On  the  initial 
visit  to  the  laboratory,  each  subject's  height  and  weight  were  recorded  and 
the  physical  fitness  test  was  administered.  Each  participant  then  executed, 
on  succeeding  days,  the  three  oxygen  uptake  tests  in  a  definite  sequence 
determined  by  permutations.  Sequences  were  assigned  on  a  chance  basis. 

Tests  were  performed  on  a  treadmill  with  a  speed  range  of  0  to  15  miles 
per  hour  and  a  Monark  Bicycle  Ergometer.  Gas  analyses  were  performed  using 
a  Beckman  E-2  oxygen  analyser  and  a  Godart  Capnograph  carbon  dioxide  analyser. 
Accuracy  was  confirmed  by  the  Scholander  method.  Heart  rates  were  recorded 
with  a  Sanborn  100  Viso-Electrocardiograph. 

Pearson  Product-moment  correlation  coefficients  and  a  two-way  analysis 
of  variance  provided  the  basis  for  the  statistical  analysis. 

In  terms  of  liters  per  minute,  the  modified  Astrand-Ryhming  nomogram 
produced  significant  correlations  (p  =  .01)  of  0.67  with  the  Mitchell,  et 
al  test,  and  0.62  with  the  modified  Astrand  Bicycle  test.  The  treadmill 
test  correlated  0.51  with  the  maximal  bicycle  test.  With  body  weight  par- 
tialled  out  the  correlations  were  again  significant  (p  =  .01)  and  equal  to 
0.53,  0.47  and  0.39  respectively. 
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Fitness  scores  on  the  Johnson,  Brouha  and  Barling  test  produced  sig¬ 
nificant  correlations  (p  =  o0l)  of  O.38  with  the  treadmill  test,  O.46  with 
the  maximal  bicycle  test,  and  0.55  with  the  predicted  test  in  terms  of 
liters  per  minute.  Corresponding  values  in  milliliters  per  kilogram  of  body 
weight  per  minute  were  0.46,  0.55  and  O.67  respectively. 

Height  correlated  significantly  with  the  Astrand  Bicycle  test  (p  =  .01) 
the  Mitchell,  et  al  test  (p  =>  .05)  and  the  predictive  test  (p  =  .05)  in 
terms  of  liters  per  minute. 

Weight  and  body  surface  area  produced  equivalent  results  which  were  sig 
nificant  with  all  three  of  the  oxygen  consumption  tests  in  terms  of  liters 
per  minute  (p  =  .01 )  and  with  the  two  actual  tests  (negative  relationship) 
in  terms  of  milliliters  per  kilogram  of  body  weight  per  minute  (p  =  .05). 

Fitness  scores  and  endurance  measured  on  the  Johnson,  et  al  test  did 
not  correlate  significantly  with  height,  weight,  or  body  surface  area. 

Within  the  limits  of  this  study,  the  following  conclusions  have  been 

made? 

1.  For  the  population  studied,  the  Mitchell,  Sproule  and  Chapman  Max¬ 
imal  Oxygen  Intake  test  and  the  modified  Astrand-Ryhming  Nomogram  for  Pre¬ 
diction  of  Maximal  Oxygen  Uptake,  yielded  significantly  higher  mean  values 
than  the  modified  Astrand  Bicycle  Ergometer  test  of  Maximal  Oxygen  Uptake. 

2.  Statistically  equivalent  means  were  obtained  on  the  modified 
Astrand-Ryhming  Nomogram  and  the  Mitchell,  Sproule  and  Chapman  Maximal 
Oxygen  Intake  test. 

3.  The  Astrand-Ryhming  Nomogram  produced  a  significantly  greater  var¬ 
iance  than  did  the  modified  Astrand  Bicycle  Ergometer  test  and  the  Mitchell, 
Sproule  and  Chapman  test. 

4.  The  Astrand-Ryhming  Nomogram  was  able  to  predict  maximal  oxygen  in¬ 
take  values  on  the  modified  Astrand  Bicycle  Ergometer  test  and  the  Mitchell, 
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Sproule  and  Chapman  test  as  well  as  the  latter  tests  were  able  to  predict 
values  on  each  other 0 

5o  As  measured  by  the  Johnson,  Brouha  and  Darling  test  of  Physical 
Fitness,  the  Astrand-Ryhming  Nomogram  was  able  to  predict  physical  fitness 
as  well  as  the  modified  Astrand  Bicycle  ergometer  test  and  significantly 
better  than  the  Mitchell,  Sproule  and  Chapman  test. 

6*  Body  weight  and  surface  area  produced  equivalent  significant  corr¬ 
elations  with  the  three  tests  of  maximal  oxygen  uptake  in  terms  of  liters 
of  oxygen  consumed  per  minute c 

7<,  Body  height,  weight  and  surface  area  did  not  show  any  significant 
relationships  i/ith  the  Johnson,  Brouha  and  Darling  fitness  index  or  endurance. 

80  Correlation  coefficients  involving  body  weight  and  body  surface  area 
proved  to  be  virtually  identical „ 
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APPENDIX  A 


STATISTICAL  TREATMENT 


STATISTICAL  TREATMENT 


Correlation  Coefficients ,  Correlation  coefficients  between  the  max¬ 

imal  oxygen  consumption  tests  and  the  Johnson,  Brouha  and  Darling  Physical 
Fitness  test  were  obtained  by  use  of  the  following  IBM  program. 

PROGRAM :  1620-013  Simple  Correlations 

STATEMENT  OF  PROBLEM:  Given  N  sets  of  observations  (Xjj,  Xi2, . . . ,Xip) , 
i  =  1 ,2, . . . ,N,  on  p  random  variables.  X^ ,  X2, . . . ,X  ,  it  is  required  to 
compute 


(a)  means,  X.  =  1_ 
J  N 


N 


i  =  1 


X, 


ij 


,j  —  1 ,2, . . ,p 


2  2  ± 

(b)  variances,  s  =  1  X  -  N(  X_...)2  ,  j  =  1,2,...,p 

j  N-1  ij 

i  i 

(c)  standard  deviations,  s.  ,  j  =  1,2,...,p 

J 

(d)  correlation  coefficients, 


jk 


=  n-1  [ZxijXik  -  H  Z  Xij  ZxJ 


s  .s, 
J  k 


tj  =  1)2,...,  p— 1 


k  -  j+1,...,p 

Significance  of  the  Difference  Between  Two  Correlation  Coefficients  for 

Correlated  Samples.  To  test  the  difference  between  any  two  correlations 
based  on  correlated  samples  a  t  value  was  calculated  by  the  formula  (89:257) 

t  =  (r12  ~  r1^  V(K-3)  (1+1-23) _ 

V2(1  -  r  12  '  r132  -  r232  +  2r12r13r23> 

The  t  was  tested  for  significance  with  N-3  degrees  of  freedom. 

Analysis  of  Variance.  An  analysis  of  variance  designed  to  test  the  signif¬ 
icance  of  the  difference  between  means  obtained  from  correlated  groups  (two 
criteria  of  classification)  was  used  in  this  study  (<jf|:29l)« 


. 


No. 

MSC 

AA 

AP 

£x 

£X2 

r=1 

r=1 

1 

54.81 

51.34 

56.82 

162.97 

8868.44 

2 

49.77 

43.02 

52.44 

145.23 

7077.73 

3 

45.84 

42.23 

37.60 

125.67 

5298.44 

48 

54.17 

56.72 

37.41 

148.30 

7551.06 

48 

^X 

2324.10 

2318. 97 

2226.52 

x. .=6869.59 

i=1 

48  0 

5~X2 

115,295.30 

114,321.32 

105,740.83 

££x2= 

=335,357.45 

i=1 


A.  Sum  of  Squares 

1.  Correction.  fex)2  =  (6s69^9)2  °  ^21, 1M.  13 

2.  Total  Sum  of  Squares  Around  the  General  Mean. 

SST  =  (54.812  +  49- 772  +...+  37-412)  -  327,717-13 
=  335,357.49  -  327,717.13  =  7,640.36 

3.  Sum  of  Squares  Between  the  Means  of  Tests. 

^trials  -  (2324.10)2  +  (2318.97)2  +  (2226. 52)2  -  0 
=  328,032.99  -  327,717.13  =  315.86 

4.  Sum  of  Squares  Among  the  Means  of  Subjects 

^subjects  =  (162.97)2  +  (145.23)2  +  ...  +(l48.30)2  /  3 
=  997,026.84/3  -  327,717.13  =  4,625.15 

5.  Interaction  Sum  of  Squares 

Int.  SS  =  SSfp  -  (SSgu^jec^s  +  SS-fcpj^g) 


7,640  -  (4,625.15  +  315.86)  =  2699.35 

B.  Analysis  of  Variance 


Source  of  Variation 

Sum  of 
Squares 

Degrees  of  Freedom 

Mean  Square 

F 

Between  tests 

315.86 

(C-1)=(  3-0=2 

315.86=157.93  157.93=5.50 

2 

28.72 

Between  Subjects 

4625.15 

(R-1)=(48-1)=47 

4625-86 

47  =  98.41 

28,4i 4, 

28. 72“2* 

Interaction 

2699.35 

(R-1 )(c-l )=47X2=94 

2699,r.35g  28.72 

7640.56  143 


Total 


Tests  Subjects 

Degrees  of  Freedom  =  2/94  Degrees  of  Freedom  =  47/94 

F  at  .01  =  4.82  F  at  .01  =  1.73 

Duncan’s  New  Multiple  Range  Test.  The  new  Duncan  Multiple-Range  test 

(78:107)  was  developed  in  1955  and  is  designed  to  permit  comparison  of 

each  treatment  mean  with  every  other  mean. 

Sj  =  (error  mean  square) 

r 

Least  Significant  Ranges  (R)  (.01) 


Value  of  p 


2 


3 


Significant  Studentized 

Ranges  (SSR)  3*71  3.86 

Rp  =  (Sx  SSR)  =  LSR 

Least  Significant  Range  .212  .221 


df  =  (R-1 )(C-1 ) 

Rank  of  Means  (liters/min. ) 

3.425  3.664  3.674 

Method  of  Testing  the  Differences 

Largest  -  Smallest  =  3.674  -  3*425  =  .249  *221  Significant 

Largest  -  Second  Smallest  =  3*674  -  3*664  =  0.010  .212  Not  Significant 

Second  Smallest  -  Smallest  =  3.664  -  3*425  =  *239  *212  Significant 


Significance  of  the  Difference  Between  Two  Means  for  Correlated  Samples. 


=  ^  D2 
N-1 


N 


t 


D 


N 


degrees  of  freedom  =  N-1 


Standard  Deviation, 


Significance  of  a  Correlation  Coefficient, 


degrees  of  freedom  =  N-2 


APPENDIX  B 


INDIVIDUAL  SCORE  SHEETS 


GAS  ANALYSIS  SHEET 


300  KPM 
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1200 
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mm.  Hg 

Factor  = 

Fe02  =  ______  X  2.3  =  _  Ft0  =  20.94 

1000 

FeOp  =  _ (corr.)  FjCOp  =  00.03 


<L  - 

FeC0o  = 

x 

FjN  =  79.03 

FeN0 

V^ATPS  = 

l./min. 

V,-,STPL  = 

X 

. 

l./min. 

VtSTPL  = 

X 

l./min. 

.7903 

TO-,  =  ( 

X  .2094)  - 

( 

-  : _ )  - 

l./min 

VC0„  =  ( . . 

X  _  )  - 

(__ . 

X  .0005  )  = 

1 . /min 

H.  Q.  = 

Smoker 

Number 

Health  (general) 

Height 

inches 

Weight 

pounds 

kilograms 

Birthday 


APPENDIX  C 


RAW  SCORES 


INFORMATION  PERTAINING  TO  INDIVIDUAL  SUBJECT'S  PHYSICAL  CHARACTERISTICS 


Subject 

Age 

Height 

Weight 

Smoker 

( Inches ) 

Pounds 

Kilograms 

Yes 

No 

1 

23 

68 

154.5 

70. 08 

X 

2 

20 

69.5 

178.25 

00.85 

X 

5 

19 

71 

180 

81.65 

X 

4 

23 

78 

I89 

86.73 

X 

5 

25 

70 

165 

73.94 

X 

6 

33 

73 

170.5 

77.34 

X 

7 

24 

71 

172 

78.02 

X 

8 

25 

68.5 

170.5 

77.34 

Pipe 

9 

30 

71 

165 

73.94 

X 

X 

10 

23 

73 

170 

77.11 

X 

11 

26 

69-5 

168 

76.20 

X 

12 

29 

74 

177 

80.29 

X 

13 

22 

70.5 

170 

77.11 

X 

14 

18 

69 

139 

65.05 

X 

15 

22 

72 

169 

76.66 

X 

16 

25 

71.75 

184 

85.46 

X 

17 

23 

70 

170 

77.11 

X 

18 

24 

67.5 

156 

70.76 

X 

19 

17 

69 

145.5 

65.00 

X 

20 

29 

67 

155 

70.51 

X 

21 

21 

69 

168 

76.20 

X 

22 

21 

70 

173 

78.47 

X 

23 

18 

72.5 

148 

67.13 

X 

24 

21 

69 

153 

69.40 

X 

25 

20 

70c  25 

160 

72.58 

X 

26 

26 

69 

185 

80. 92 

X 

27 

17 

67.5 

180 

68.05 

Pipe 

28 

22 

69 

146 

66.25 

X 

29 

19 

73 

194 

87.00 

X 

30 

19 

65 

119 

53.98 

X 

31 

17 

70 

204 

92.53 

X 

32 

21 

67.75 

148 

67.13 

X 

33 

17 

66 

137.5 

62.37 

X 

34 

20 

72 

181. 5 

82.53 

X 

35 

25 

70.5 

175 

79.38 

X 

36 

25 

70.25 

170 

77.11 

X 

37 

17 

68.5 

142 

64.41 

X 

38 

23 

72 

165.5 

75.07 

X 

39 

21 

67 

147.5 

66.90 

X 

40 

21 

72 

157 

71.21 

X 

41 

25 

66 

147.5 

66.91 

X 

42 

24 

70 

212.5 

96.39 

X 

43 

35 

68 

168 

76.20 

X 

X 

44 

24 

73 

205 

92.08 

X 

45 

19 

71.5 

182 

82.55 

X 

46 

23 

68.5 

157 

71.21 

X 

47 

28 

72.5 

205 

92.99 

X 

48 

20 

71 

151 

68.49 

X 

49 

20 

67 

150 

68.04 

X 

50 

22 

67 

142.5 

64.67 

X 

51 

25 

67-5 

154 

69.85 

X 

52 

17 

67.75 

142 

64.41 

X 

53 

20 

63 

142 

64.41 

X 

54 

34 

64.5 

142 

64.41 

X 

5 


X 


X 


X 


X 


X 


X 


XXX  XX  X  XX  XXX 


'  • 

Subject 

Age 

Height 
( Inches) 

Weight 

Smoker 

Pounds 

Kilograms  Yes 

Hno  5* 

55 

26 

68 

158 

71-67 

X 

56 

22 

68.5 

154 

69.85 

X 

57 

18 

70.5 

147.5 

66.91 

X 

56 

18 

69-5 

166 

75.15 

X 

59 

44 

69 

153.5 

69.40 

X 

60 

38 

65-75 

143 

64.86 

X 

6l 

38 

68 

149.5 

67. 81 

X 

62 

42 

66 

180 

81.65 

X 

63 

48 

67-5 

141 

63.96 

X 

5 

x 


X  X  X  X  XX 


Surface  areas  for  each  subject  were  calculated  from  the  Du  Bois-Meeh 
formula  (Consolazios  26-27).  Results  are  given  in  the  following  table  in 


meters  squared® 

M2  =  W°°425  x  hOo?25  x  7-1.84 

M  ®  meters ,  W  *=  weight,  H  =  height® 
SURFACE  AREAS  FROM  THE  DU  BOIS-MEEH  FORMULA. 


Height  Weight  Surface  Height  Weight  Surface 

Subject  ( inches) (kilograms)  Area  Subject  (inches)  (kilograms)  Area 

(square  (square 

meters)  meters) 


1 

172®72 

70®  08 

1-831 

25 

178-44 

72.58 

1.904 

2 

176.53 

80-85 

1-977 

26 

175-26 

80. 92 

1.968 

5 

180®  54 

81 065 

2-016 

27 

171-45 

68-03 

1.801 

4 

198.12 

86.73 

2-214 

28 

175-26 

66.23 

1.809 

5 

177-80 

73-94 

1-913 

29 

185-42 

87.00 

2.114 

6 

185-42 

77-34 

2-011 

30 

165.IO 

53.98 

1.588 

7 

180® 34 

78-02 

1-977 

31 

177-80 

92.53 

2.051 

8 

173-99 

77-34 

1-921 

32 

172-09 

67.13 

1.796 

9 

180® 34 

73-94 

1-932 

33 

167.64 

62.37 

1.706 

10 

185-42 

77-11 

2-008 

34 

182-88 

82.33 

2.045 

11 

176-53 

76-20 

1-929 

35 

179-07 

79.38 

1-982 

12 

187-96 

80-29 

2-062 

36 

178.44 

77.11 

1.952 

13 

179-07 

77-11 

1-960 

37 

173-99 

64.41 

1.774 

14 

175-26 

63.05 

1.769 

38 

182.88 

75.07 

1.968 

15 

182® 88 

76-66 

1-991 

39 

170. 18 

66.90 

1.774 

16 

182® 25 

83-46 

2-051 

40 

182.88 

71.21 

1.924 

17 

177-80 

77-11 

1-949 

41 

167.64 

66.91 

1.756 

18 

171-45 

70-76 

I-831 

42 

177-80 

96.39 

2.085 

19 

175-26 

65-00 

1-793 

43 

172.72 

76.20 

1.896 

20 

170-18 

70-31 

1-814 

44 

185-42 

92.08 

2.167 

21 

175-26 

76-20 

1-921 

45 

181-61 

82.55 

2.036 

22 

177-80 

78-47 

1-910 

46 

173-99 

71.21 

1.852 

23 

184-15 

67.13 

1-885 

47 

184-15 

92.99 

2.164 

24 

175-26 

69.40 

1-844 

48 

180-34 

68.49 

1.871 

MEAN  STEADY  STATE  HEART  RATE  FOR  THE  PREDICTION  OF 
MAXIMAL  OXYGEN  UPTAKE  FROM  THE  ASTRAND-RYEMING  NOMOGRAM 


Subject 

Mean  Heart 
Rate 

Resistance 

kpm 

Subject 

Mean  Heart 
Rate 

Resistance 

kpm 

1 

133 

900 

25 

163 

900 

2 

132 

900 

26 

133 

900 

5 

158 

900 

27 

154 

900 

4 

149 

1200 

28 

167 

900 

5 

157 

900 

29 

130 

900 

6 

132 

1200 

30 

165 

900 

7 

136 

900 

31 

142 

900 

8 

134 

1200 

32 

168 

900 

9 

131 

900 

33 

146 

600 

10 

136 

1200 

34 

134 

900 

11 

143 

1200 

35 

138 

900 

12 

158 

900 

36 

131 

1200 

13 

132 

900 

37 

155 

900 

14 

153 

600 

38 

131 

900 

15 

163 

900 

39 

142 

900 

16 

143 

900 

40 

169 

900 

17 

132 

900 

41 

140 

900 

18 

135 

900 

42 

134 

1200 

19 

i6? 

900 

43 

153 

1200 

20 

170 

900 

44 

135 

900 

21 

149 

900 

45 

144 

900 

22 

149 

900 

46 

141 

900 

25 

135 

900 

47 

147 

1200 

24 

145 

1200 

—  ,  142 — _ - 

JOHNSON,  BROUHA  AND  DARLING  PHYSICAL  FITNESS  SCORES 


Subject 

Fitness 

Score 

Subject 

Fitness 

Score 

Subject 

Fitness 

Score 

1 

?6o1 

17 

82  o0 

33 

24-3 

2 

60o2 

18 

8308 

34 

39.6 

3 

59o4 

19 

52.8 

35 

47-5 

4 

82  0  9 

20 

43  0  3 

36 

75.4 

5 

50o2 

21 

54*5 

37 

63.4 

6 

102  0  7 

22 

59°5 

38 

660 1 

7 

79oQ 

23 

75  oO 

39 

77.3 

8 

6808 

24 

102.0 

40 

37-5 

9 

79o8 

25 

46.7 

41 

83.8 

10 

90o4 

26 

78.5 

42 

69.8 

11 

77  0  7 

27 

52o0 

43 

90.9 

12 

60o4 

28 

65.8 

44 

35-0 

13 

86„7 

29 

57  0  3 

45 

48.2 

14 

38.9 

30 

79°8 

46 

68,5 

15 

47  0  2 

31 

24.2 

47 

77-3 

16 

69.7 

52 

39-4 

48 

91-5 

• 

‘ 
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CALCULATION  OF  MAXIMUM  OXYGEN  UPTAKE  FROM  PULSE  HATE 

AND  WORKLOAD  ON  A  BICYCLE  ERGOMETER  (5) 

Maximal  Oxygen  Uptake  (L./min. )  Maximal  Oxygen  Uptake  ( L . / min . ) 


Working 

Pulse 

300 

kpm/ 

min. 

600 

kpm/ 

min. 

900 

kpm/ 

min. 

1200 

kpm/ 

min. 

Working 

Pulse 

300 

kpm/ 

min. 

600 

kpm/ 

min. 

900 

kpm/ 

min. 

1200 

kpm/ 

min. 

120 

2.2 

3.5 

4.8 

146 

2.4 

3.3 

4.4 

121 

2.2 

3.4 

4.7 

147 

2.4 

3.3 

4.4 

122 

2.2 

3.4 

4. 6 

148 

2.4 

3.2 

4.3 

123 

2.1 

3.4 

4.6 

149 

2.3 

3.2 

4.3 

124 

2.1 

3.3 

4.3 

6.0 

150 

2.3 

3.2 

4.2 

125 

2.0 

3.2 

4.4 

5.9 

151 

2.3 

3.1 

4.2 

126 

2.0 

3.2 

4.4 

5.8 

152 

2.3 

3.1 

4.1 

127 

2.0 

3.1 

4.3 

5.7 

153 

2.2 

3.0 

4.1 

128 

2.0 

3.1 

4.2 

5.6 

154 

2.2 

3.0 

4.0 

129 

1.9 

3.0 

4.2 

5.6 

155 

2.2 

3.0 

4.0 

130 

1.9 

3.0 

4.1 

5.5 

156 

2.2 

2.9 

4.0 

131 

1.9 

2.9 

4.0 

5.4 

157 

2.1 

2.9 

3.9 

132 

1.8 

2.9 

4.0 

5.3 

158 

2.1 

2.9 

3.9 

133 

1.8 

2.8 

3.9 

5.3 

159 

2.1 

2.8 

3.8 

134 

1.8 

2.8 

3.9 

5.2 

160 

2.1 

2.8 

3.8 

135 

1.7 

2.8 

3.8 

5.1 

161 

2.0 

2.8 

3.7 

136 

1.7 

2.7 

3.8 

5.0 

162 

2.0 

2.8 

3.7 

137 

1.7 

2.7 

3.7 

5.0 

165 

2.0 

2.8 

3.7 

138 

1.6 

2.7 

3-7 

4.9 

I64 

2.0 

2.7 

3.6 

139 

1.6 

2.6 

3.6 

4.8 

165 

2.0 

2.7 

3.6 

140 

1 . 6 

2.6 

3.6 

4.8 

166 

1.9 

2.7 

3.6 

141 

2.6 

3.5 

4.7 

167 

1.9 

2.6 

3.5 

142 

2.5 

3.5 

4.6 

168 

1.9 

2.6 

3.5 

143 

2.5 

3.4 

4.6 

169 

1.9 

2.6 

3.5 

144 

2.5 

3.4 

4.5 

170 

1.8 

2.6 

3.4 

145 

2.4 

3.4 

4.5 

CORRECTIONS  FOR  AMERICAN, METER  CO. GAS  METER  #802 

This  meter  was  tested  for  its  volume  determinations  using  as  standards 
the  large  Tissot  tank  in  the  Faculty  of  Physical  Education  Laboratory  and 
a  smaller  Tissot  in  the  Cardio -pulmonary  Laboratory  at  the  University 
Hospital.  It  was  found  to  be  recording  volume  readings  in  excess  of  ac¬ 
tual  volumes  pumped,  as  indicated  by  the  Tissot  tanks.  A  second  American 
Meter  Co,  gas  meter,  in  use  in  the  University  Hospital,  was  found  to  give 
extremely  accurate  readings  when  compared  to  the  same  Tissot  tanks. 

The  data  collected  was  analyzed  and  a  regression  equation  calculated. 
This  equation  was  found  to  be, 

Y  =  .22770  +  .943099  X 
where  Y  =  corrected  volume 

and  X  =  volume  as  read  on  the  American  Meter  Co.  Gas  Meter  #802. 

This  regression  equation  was  then  used  to  calculate  a  complete  set  of 
correction  tables.  These  tables  also  incorporate  a  factor  for  loss  of 
volume  during  oxygen  and  carbon  dioxide  analysis,  with  the  factor  being 

considered  as  300  c.c. 


■ 


CORRECTIONS  FOR  THE  BECKMAN  E-2  OXYGEN  ANALYZER. 


The  accuracy  of  this  instrument  was  tested  against  two  micro-Scholander 
instruments  operated  by  laboratory  technicians  in  the  Cardio-pulmonary  Labor¬ 
atory  of  the  University  of  Alberta  Hospital  and  the  laboratory  of  the  Depart¬ 
ment  of  Physiology  at  the  University  of  Alberta. 

The  values  obtained  with  the  two  Scholanders  were  averaged  and  a  regres¬ 
sion  equation  based  on  the  Beckman  reading  and  the  Scholander  values  was  cal¬ 
culated,  This  equation  was  found  to  be, 

Y*  =  .893X  +  2.22 

where  Y '  =  the  corrected  percentage  of  oxygen 

and  X  =  the  percentage  of  oxygen  as  read  on  the  Beckman  E-2  analyzer. 

The  discrepancy  was  found  to  be  due  to  impure  nitrogen  which  was  used 
as  a  calibration  gas. 

Based  on  the  above  regression  equation,  a  second  regression  line  was 
calculated  which  permitted  direct  correction  of  oxygen  consumption  values. 
This  equation  was  found  to  be, 

Y'  =  .871X  +  .0044 

where  Y'  =  corrected  oxygen  consumption  in  liters  per  minute 

and  X  =  oxygen  consumption  value  obtained  on  the  basis  of  the  uncorrected 
percentage  of  oxygen  as  obtained  on  the  Beckman  analyzer. 

After  testing  with  the  same  Micro-Scholanders ,  the  Godart  Capnograph 
infra-red  carbon  dioxide  analyzer  was  found  to  give  accurate  readings. 

The  raw  scores  contained  in  Appendix  C  have  not  been  corrected  for 
the  oxygen  discrepancy  but  have  been  changed  to  the  corrected  volume. 


RAVJ  SCORES  OBTAINED  ON  THE 

MITCHELL,  SPROULE  AND  CHAPMAN 

MAXIMAL  OXYGEN  INTAKE  TEST 


Subject  Percent  of  Treadmill  Inclination 


orfo 

2-i^ 

5$ 

1C$ 

12-^o 

15/o 

1 7#  2C$ 

1. 

$0  2 

14*69 

15.68 

15*71 

15. 18 

15.33 

15.98 

16. 30 

16.76 

,/<£02 

5.10 

4.  60 

4.45 

4.95 

5.10 

4.65 

4.40 

3.90 

VESTPD  1/min 

42*63 

58.26 

62.65 

66.37 

72.97 

86.35 

93.60 

107.65 

vo2 

2.798 

3*171 

3*411 

3.972 

4.198 

4.360 

4.410 

4.588 

2. 

#>2 

16.05 

16.00 

16.04 

16.11 

16.05 

16.10 

17.23 

i<> co2 

4°  30 

4.25 

4.40 

4*20 

4. 60 

4.40 

3.60 

VeSTPD 

65.78 

73.69 

78.20 

85.39 

92.79 

90.20 

125.48 

vo2 

5. 341 

3.781 

3.941 

4.273 

4.615 

4.479 

4.701 

3. 

15*94 

15.90 

16.10 

16.04 

16.55 

17.01 

17.21 

17.66 

foC02 

4.60 

4.40 

4.30 

4.40 

4.25 

3.90 

3.60 

2.80 

VeSTPD 

64.31 

67.72 

77.26 

85.16 

95.03 

111.23 

114.41 

151.62  (9  sec. ) 

V02 

3.289 

3.532 

3*857 

4.292 

4.214 

4.388 

4.316 

5.178 

4. 

^°2 

15*30 

15.10 

15*09 

15.35 

15.54 

15.88 

16.34 

/£C02 

4*65 

4*80 

4*90 

4.8O 

4*90 

4.70 

4.50 

VeSTPD 

58.46 

61.69 

64.50 

73.64 

79*50 

87.14 

91.77 

V02 

3*454 

3*779 

3*941 

4.276 

4.404 

4.499 

4.253 

5* 

/o02 

15.95 

16.00 

16.08 

16.50 

16.80 

17.41 

17.35 

^co2 

4*40 

4*35 

4*40 

4.20 

4.25 

3.50 

3.00 

VeSTPD 

50.57 

56.44 

67*42 

75*26 

85*47 

103.54 

IO8.37 

V02 

2.607 

2.880 

3*365 

3*396 

3.520 

3.672 

4. 067 

6o 

ioo2 

16.50 

17*00 

16.36 

16.39 

17.31 

16.84 

17.40 

17.71 

io co2 

3*80 

3.60 

4*10 

4.10 

3.30 

3.90 

3.40 

2.90 

vestpd 

77*01 

94.78 

8I.99 

91.32 

121.98 

112.44 

136.83 

71.15  (15  sec.  bag) 

V02 

3*555 

3*826 

3*977 

4.272 

4.545 

4.679 

4.907 

2.367 

7. 

ff/a02 

14.02 

14.60 

15.20 

15.31 

15.20 

16.16 

16.73 

17.31 

?faC02 

5.30 

5.30 

5.10 

5.20 

5.30 

4.90 

4.40 

3.50 

vestpd 

44.25 

50.71 

59*44 

71.94 

76.07 

97.23 

112.18 

121.65 

vo2 

3.154 

3.360 

3.517 

4*138 

4.461 

4.625 

4.675 

4.468 

SUBJECT 


PERCENT  OF  TREADMILL  INCLINATION 


($ 

2  & 

% 

l^fo 

1 0fo 

124# 

15  c/o 

17&S 

2  Ofo 

8. 

15.70 

15.73 

16.10 

16.45 

16.48 

16.86 

17.13 

17.13 

^C02 

4.30 

4.30 

4.10 

3.90 

4.00 

3.75 

3.50 

2.40 

vestpd 

61.59 

65.36 

78.07 

89.98 

92.99 

110.36 

122.00 

95.25 

vo2 

3.386 

3.569 

3.938 

4.189 

4.269 

4.607 

4.757 

3.993 

f0®2 

15.70 

15.85 

15.85 

15.44 

16.11 

16.13 

16.71 

17.22 

17.35 

fiCOo 

4.50 

4.35 

4.35 

4. 80 

4.40 

4.50 

3.95 

3.50 

2.30 

VESTPD  53.04 

58.48 

62.95 

63.32 

75.08 

79.54 

94.98 

111.15 

85.28 

vo2 

2.888 

3.096 

3.332 

3.604 

3.719 

3.897 

4.095 

4.208 

3.359 

10. 

fo02 

14.63 

14.31 

14.30 

14.38 

14.78 

15.34 

15.60 

16.63 

<fico2 

5.40 

5.50 

5.80 

5.60 

5.60 

5.20 

5.10 

4.10 

vestpd 

47.84 

51.99 

55.46 

62.84 

70.50 

86.81 

94.24 

121.25 

yo2 

3.138 

3.606 

3.810 

4.288 

4.454 

4.960 

5.099 

5.315 

llo 

<fo02 

15.66 

15.35 

15.06 

15.38 

15.93 

15.98 

16.58 

17.28 

%co2 

4.40 

4.40 

4.80 

4. 60 

4.60 

4.60 

4.05 

3.30 

vestpd 

49.46 

52.18 

54.91 

62.33 

76.18 

80.78 

94.73 

108.23 

v  o2 

2.731 

3.086 

3.390 

3.629 

3.905 

4.090 

4.216 

4.072 

12o 

%0p 

16.14 

16.09 

16.05 

16.14 

16.30 

16.75 

16.88 

%C02 

4.40 

4.25 

4.30 

4.30 

4.35 

3.90 

3.20 

vfstpd 

58.56 

65.47 

69.68 

73.49 

86.30 

99.62 

78.25 

vo2 

2.862 

3.284 

3.522 

3.630 

4.078 

4.242 

3.348 

13. 

7^0? 

15.75 

16.05 

16.10 

16.15 

16.48 

16.74 

17.09 

17.28 

^C02 

4.40 

4.00 

4.10 

4.10 

4.00 

3.80 

3.80 

3.20 

vestpd 

54.31 

65.28 

68.72 

79.71 

95.75  106.61 

123.13 

125.32 

vo2 

2.936 

3.351 

3.466 

3.971 

4.394 

4.599 

4.766 

4.750 

14. 

^0? 

16. 08 

15.78 

16.16 

16.50 

16.91 

17. 18 

$C02 

4.40 

4.50 

4.20 

4.20 

4.10 

4.05 

VESTPD  57°  05 

56.13 

62.52 

75.82 

86.69 

89.23 

vo2 

2.846 

2.999 

3.089 

3.421 

3.485 

3.294 

15. 

#>0 

16.15 

15.90 

16.00 

16.18 

16.49 

16.83 

17.59 

$co2 

4.30 

4.45 

4.40 

4.40 

4.30 

4.10 

3.30 

vestpd 

54.12 

57.05 

63.59 

70.13 

82.02 

95.07 

113.11 

V02 

2.668 

2.970 

3.238 

3.411 

3.690 

3.926 

3.812 

16. 

c/o02 

15.29 

14.86 

15.19 

15. 81 

15.93 

16.03 

16.59 

$co2 

4.80 

4.90 

4.90 

4. 60 

4.60 

4. 60 

4.20 

VeSTPD  53°  40 

57.58 

68.35 

83.01 

86.98 

98.13 

105.63 

vo2 

3.141 

3.685 

4.089 

4.382 

4.458 

4.906 

4.645 

CM 

% 

l¥> 

10 io 

% 

CM 

15* 

174% 

2C$ 

H. 

%°2 

15.23 

14.90 

14.91 

15.21 

15.40 

15.45 

15.95 

16.74 

$C02 

4c  20 

4.55 

4.75 

4.60 

4.70 

4.90 

4.60 

4.20 

vestpd 

47o23 

49.64 

63.16 

64.59 

74.03 

78.18 

91.68 

96.29 

vo2 

2c  889 

3.197 

4.028 

3.900 

4.271 

4.420 

4.677 

4.053 

18o 

#>2 

16.35 

15.96 

16c  35 

16.58 

1 6  c  85 

17.19 

17.26 

17.44 

^C02 

4.00 

4.30 

4.00 

3H5 

3.65 

3.30 

3.30 

2.60 

vestpd 

63.99 

71.43 

75.23 

83.73 

98.00 

112.87 

117.99 

109.67 

vo2 

3°  042 

3.691 

3.577 

3.793 

4.130 

4.377 

4.470 

4.109 

19. 

%°2 

14.43 

15.00 

15.06 

15.45 

16.20 

16.25 

16.94 

ic co2 

5.20 

4.80 

4c  80 

4.80 

4.40 

4.50 

4.00 

yestpd 

39.29 

47.09 

52.04 

58.17 

75.16 

79.62 

90.50 

V02 

2.698 

2.944 

3.211 

3.305 

3.638 

3.780 

3.626 

20o 

^02 

15.36 

15.04 

15.28 

15.83 

16.48 

#02 

4.85 

5.20 

5.05 

4.90 

4.40 

vestpd 

49.88 

53.03 

56.81 

68.40 

85.43 

V02 

2.884 

3.231 

3.145 

3.541 

3.831 

21c 

/o02 

15.53 

15.88 

15. 80 

15.68 

15.90 

I6c35 

17.13 

17.00 

^C02 

4.30 

4.10 

4.40 

4.55 

4.6O 

4.20 

3.40 

2.80 

vestpd 

51.47 

63.55 

660  03 

69.87 

79.06 

93.90 

117.88 

101.06 

V02 

2.939 

3.383 

3.528 

3.811 

4.083 

4.415 

4.629 

4.296 

22  c 

/002 

15.74 

15.66 

15.93 

15.86 

16.05 

^co2 

4.40 

4.55 

4.40 

4.55 

4.20 

vestpd 

61 0  96 

70.61 

78.33 

75.66 

78.04 

vo2 

3.358 

3.873 

4.055 

3.957 

3.965 

23. 

%02 

15. 81 

15.38 

15.25 

15.39 

15.58 

15.75 

16.05 

$ co2 

4o20 

4o  60 

4.70 

4. 60 

4.60 

4. 60 

4.50 

vestpd 

46064 

49.41 

56c01 

63.35 

70.30 

79.15 

82.75 

vo2 

2.512 

2.877 

3.338 

3.681 

3.915 

4.238 

4.139 

24c 

%02 

14.33 

13.70 

15.00 

14.93 

14.93 

15.24 

16.00 

16.84 

$co2 

5.30 

5.60 

5.10 

5.20 

5.30 

5.20 

4. 80 

4.10 

vestpd 

46.78 

43.69 

63.24 

67.34 

68.86 

79.37 

97.28 

121.36 

vo2 

3.258 

3.359 

3.903 

4.198 

4.273 

4.635 

4.850 

4.986 

. 

Subject 

0$ 

24$ 

25. 

$o2 

16.14 

16.25 

$co2 

4.40 

4.20 

VESTPD 

49.55 

66.20 

vo2 

2.435 

3.197 

26. 

$02 

$co2 

15.98 

15.45 

4.15 

4.30 

yestpd 

60.93 

62.68 

vo2 

3.158 

3.644 

27° 

$02 

14.55 

15.65 

$co2 

5.00 

4.85 

Vestpd 

42.81 

51.15 

V02 

2.897 

2.769 

28. 

$°  2 

15.45 

15.88 

$co2 

4.50 

4.10 

vestpd 

45.71 

59.39 

V02 

2.633 

5.160 

29. 

$02 

15.13 

15.46 

$C02 

4.70 

4.50 

vestpd 

52.01 

64.46 

Y02 

3.179 

3.704 

30. 

$o2 

$co2 

vestpd 

yo2 

31 0 

$°2 

16.00 

15.15 

$co2 

3.50 

4.10 

YESTPD 

67. 80 

66.08 

yo2 

3.613 

4.128 

32. 

$02 

16. 15 

15.40 

$C02 

4.05 

4°  60 

vestpd 

52.01 

51.19 

yo2 

2.598 

2.968 

33. 

$02 

16.00 

15.80 

$C02 

3.95 

4.10 

vestpd 

45.70 

50.99 

vo2 

2.381 

2.765 

5$ 

w° 

10$ 

16.38 

16.75 

16.95 

4.10 

4.00 

3.95 

86.40 

90.27 

101.57 

4.053 

3.835 

4.072 

15.83 

15.73 

15.95 

4.35 

4.40 

4.60 

73.60 

83.43 

84.88 

3.916 

4.533 

4.530 

14.68 

14.63 

15.25 

5.15 

5.20 

4.85 

51.79 

49.28 

71.24 

3.399 

3.258 

4.217 

15.60 

15.76 

16.25 

4.55 

4.60 

4.30 

61.78 

67.14 

88.13 

3.394 

3.587 

4.232 

15.68 

15.88 

16.28 

4.40 

4.20 

4.10 

75.60 

87.06 

104.07 

4.155 

4.610 

5.013 

15.83 

17.03 

17.16 

4.40 

4.20 

3.65 

48.36 

76.34 

81.21 

2.565 

2.933 

3.103 

15.83 

16.20 

16066 

4.20 

4.10 

4.30 

81.17 

92.00 

107.90 

4.351 

4.524 

4.620 

l6.20 

15°96 

16.38 

4.20 

4.40 

4.30 

65 .18 

67.02 

77.69 

5.188 

3.446 

3.603 

16.65 

16.95 

17.33 

3.70 

3.60 

3.40 

67.90 

76.00 

88.28 

3.024 

5.116 

3.243 

12#  15$  174$ 


17°  20 
3°70 

II80O9 
4°  440 


15°  94  16.43  16.98 

4.60  4.5O  3.80 

87.51  103.98  103.31 
4.476  4.700  4.143 


15.03  15.70 
5°20  4.85 
73.45  86.34 
4.485  4.621 


16.53  16.88 

4.15  3.85 

90.37  101.17 

4.054  4.172 


16.78  17.05 

3.70  3.15 

126.36  105.54 
5.420  4.321 


17.36  17.58  17.68 

3.65  3.40  3.00 

89.78  101.34  112.68 
3.204  3.403  3.759 


16.58 

3.55 

86.67 

3.971 


1 6. 80 
3.75 
82.48 
3.507 


17.55 

2.85 

86.98 

3.081 


• 

Subject 

Qffo 

2¥ 

5/o 

i¥° 

10$ 

12-i^ 

15/0 

l7ii$ 

20$ 

34. 

”/«02 

14.68 

14.25 

14. 18 

14.81 

15.63 

160  94 

i* co2 

5.30 

5.60 

5.85 

5.60 

5.10 

4.30 

vestpd 

47.01 

49.78 

51 .44 

64.99 

77.80 

95-90 

V02 

3o066 

3.479 

3.605 

4. 080 

4. 181 

3.769 

35. 

16.68 

2 

15.09 

15-25 

15.10 

15.49 

16.09 

l6o38 

17.05 

/oC02 

4o80 

4.60 

4. 80 

4.75 

4.40 

4.25 

3.60 

2.60 

VeSTPD 

40.55 

60.30 

60.54 

68.10 

82.54 

92.13 

110.36 

83.90 

vo2 

2.487 

3.609 

3.707 

3.843 

4.108 

4.285 

4.387 

3.949 

36. 

9^2 

15.11 

14.96 

14.83 

15.21 

15. 80 

16.33 

17.05 

^C02 

4.6O 

4.60 

4. 80 

4.65 

4.60 

4.10 

3.90 

VeSTPD 

52.93 

54.58 

58.50 

68.58 

82.07 

95.64 

108.79 

vo2 

3.262 

3.467 

3.784 

4.131 

4.342 

4.545 

4.238 

37. 

#02 

15. 08 

15.48 

15.54 

15.94 

16068 

16.93 

17.06 

17.25 

#co2 

4.50 

4.30 

4.50 

4.50 

4.05 

4.00 

3.80 

3.10 

VeSTPD 

50. 80 

47.03 

57.35 

63.79 

76.46 

80.20 

90.93 

86.68 

V02 

1.918 

2.717 

3.237 

3.280 

3.305 

3.224 

3.555 

3.341 

38o 

#02 

15.90 

15.94 

15.81 

16.01 

16.30 

16.55 

17.01 

17.18 

56c  02 

4.20 

4.00 

4.20 

4.20 

4.20 

3.90 

3.65 

3.20 

VeSTPD 

63.34 

67.89 

70.25 

75.51 

90.28 

96.98 

112.50 

115.52 

V02 

3.339 

3.579 

3.782 

3.876 

4.302 

4.391 

4.513 

4.524 

39. 

#02 

16.13 

16. 28 

16.44 

16.37 

16.72 

16.83 

16.91 

#C02 

4.05 

5. 80 

3.70 

3.70 

3.70 

3. 60 

3.55 

VeSTPD 

56.51 

64.57 

69.91 

79.82 

95.44 

103. 08 

103.40 

V02 

2.835 

3.162 

3.299 

3.838 

4.166 

4.383 

4.307 

0 

0 

5°2 

15.66 

15.75 

15.85 

l6. 08 

16.58 

17.13 

17.53 

^C02 

4.40 

4.50 

4.40 

4.60 

4.40 

3.80 

3.30 

VeSTPD 

50.63 

56.98 

62.97 

71.77 

87.37 

101.85 

110.20 

V02 

2.582 

3.095 

3.525 

3.542 

3.807 

3.891 

3.800 

41 . 

#°2 

15.40 

15.23 

15.28 

15.24 

15.84 

16.00 

16.14 

16.45 

17. 

13 

#C02 

4.60 

4.60 

4.55 

4.70 

4.40 

4.30 

4.50 

4.20 

3. 

40 

VeSTPD 

50.60 

54.51 

59.40 

66.10 

79.06 

87.35 

97.74 

111.62 

109. 

75 

V02 

2.953 

3.278 

3.542 

3.948 

4.185 

4.470 

4.777 

5.077 

4. 

309 

42  0 

#°2 

15.70 

15.89 

15.98 

16.15 

16.19 

l6.60 

16.88 

17.01 

#co2 

4.40 

4.30 

4.30 

4.10 

4.40 

4.00 

3.70 

3.10 

VeSTPD 

64.77 

71.92 

82.70 

89.63 

98.91 

IIO.33 

121.34 

113.12 

V02 

3.543 

3.781 

4.253 

4.465 

4.799 

4.897 

5.052 

4.703 

• 

Subject 

Qffo 

2^ 

% 

1  Ofo 

12^0 

15/, 

174^ 

20/o 

22  & 

43. 

^0  2 

15.28 

15.51 

16.05 

16.20 

16.31 

16.60 

16,73 

$C02 

4o80 

4.70 

4.40 

4.35 

4.50 

4.30 

4-25 

VESTPD 

44.28 

50.42 

61.49 

70.48 

79.33 

89.42 

92.47 

vo2 

2.611 

2.858 

3.091 

3. 418 

3.706 

3.898 

3.891 

44. 

*02 

16.41 

16.54 

16066 

17.10 

17.43 

17.60 

$C02 

4.10 

4.05 

3.85 

3. 60 

3.40 

2.40 

VeSTPD 

70.33 

82.25 

93.95 

106.29 

103.76 

100.54 

V02 

3.272 

3.701 

4.136 

4.159 

3.682 

3.616 

45. 

°/o2 

14.91 

15.25 

15.25 

15.60 

15.78 

16.03 

16.68 

16.95 

?bC02 

4.90 

4»  80 

4.90 

4.90 

4.90 

4. 80 

4.00 

3.00 

VeSTPD 

56.18 

61 ,59 

66.83 

71 . 15 

76.16 

85.04 

90.85 

104.45 

vo2 

3.559 

3.655 

3.947 

3.887 

5.509 

4.207 

3.939 

4.450 

46. 

fo°2 

15. 80 

15-40 

15.48 

15.50 

15.88 

16.35 

16.70 

16.38 

^co2 

4.25 

4.50 

4.75 

5.00 

4.90 

4.50 

4.10 

3.40 

VESTPD 

51.97 

54.24 

58.31 

64.74 

76.24 

87.57 

97.39 

74.12 

V02 

2.797 

3.158 

3.299 

3.604 

3.895 

4.047 

4.173 

3.614 

47  0 

^°2 

14.33 

14.96 

14.99 

14.74 

15.30 

?6C02 

5.40 

5.30 

5.20 

5.50 

5.20 

VeSTPD 

60.12 

59.88 

71.75 

77.58 

83.81 

V02 

4.171 

3.694 

4. 41 8 

4.961 

4.852 

48. 

1f>2 

13.98 

13.58 

13. 81 

13.63 

15.73 

14.49 

15.24 

15.93 

16.43 

15.98 

^C02 

5.10 

5.35 

5.30 

5.95 

5.75 

5.50 

5.30 

4. 80 

4.30 

3.60 

vestpd 

39.35 

36.84 

43.70 

39.40 

50.72 

65.59 

77.96 

93.25 

105.90 

84.75 

vo2 

2.936 

2.910 

5.331 

3.025 

3.858 

4.400 

4.532 

4.730 

4.843 

4.516 

• 

RAW  SCORES  OBTAINED  ON  THE 
MODIFIED  ASTRAND  BICYCLE  ERGOMETER 

TEST  OF  MAXIMAL  OXYGEN  UPTAKE 


Work  Level  Expressed  in  Kilopond  Meters  per  Minute 


Subject 

900 

1200 

1. 

#>2 

15.88 

15.35 

$C02 

4.40 

4.80 

vestpd 

40.51 

52.29 

vo2 

2.123 

3.036 

2. 

1&  2 

16.28 

16.70 

fcC02 

4.20 

4.00 

vestpd 

52.71 

79.53 

vo2 

2.525 

3.429 

3. 

jtog 

15.98 

16.25 

$C02 

4.40 

4.40 

vestpd 

44.06 

62.15 

vo2 

2.254 

2.967 

4. 

$°2 

15.48 

16.28 

^co2 

4.80 

4.30 

vestpd 

45.80 

74.10 

vo2 

2.584 

3.531 

5. 

£02 

17.04 

16.75 

^C02 

3.80 

4.20 

vestpd 

57.13 

70.48 

vo2 

2.247 

2.957 

6. 

5fto2 

17.95 

17.68 

^C02 

3.05 

3.20 

vestpd 

85.52 

108.94 

V02 

2.551 

3.577 

7. 

7^2 

15.76 

15.33 

^C02 

4.80 

5.20 

vestpd 

47.33 

58.31 

V02 

2.502 

3.338 

8. 

fo°2 

15.36 

15.55 

$C02 

4.60 

4.65 

vestpd 

44.96 

69.62 

V02 

2.628 

3.895 

1500 

1800 

1950 

15.90 

16.63 

4.50 

4.00 

78.36 

93.62 

4. 069 

4.119 

16.93 

16.95 

4.00 

3.40 

99.19 

94.97 

3.988 

3.944 

17.20 

17.51 

3.70 

3.05 

IOO.95 

111.75 

3.794 

3.954 

16.61 

17.73 

4.10 

2.60 

91.19 

II8.44 

4.011 

4.OO3 

17.63 

17.58 

3.50 

3.10 

107.66 

96.01 

3.517 

3.299 

17.68 

17.70 

3.30 

2.70 

131.42 

111.51 

4.280 

3.780 

15.93 

16.80 

17.00 

4. 80 

3.75 

3.50 

84.59 

107.56 

122.64 

4.292 

4.572 

4.985 

17.06 

16.23 

3.70 

3.40 

105.99 

57.79 

4.171 

2.927 

2100 


2100 


Subject 

900 

1200 

1500 

1800 

1950 

9* 

$o2 

15.88 

16.53 

17.50 

16.73 

$C02 

4.55 

4.20 

5.00 

2.85 

VttSTPD 

51.00 

85.61 

101.55 

69.49 

V02 

2.654 

3.740 

5.612 

5.181 

10. 

^2 

15.68 

13.69 

14. 80 

15. 80 

15.53 

#C02 

6.05 

5.85 

5.80 

4.80 

4.10 

VpSTPD 

51.10 

50.05 

68.05 

84.52 

71.38 

V02 

2.560 

3. 819 

4.244 

4.428 

4.115 

11. 

/oo2 

15.21 

15.13 

16.05 

16.95 

$C02 

4.50 

4.90 

4.60 

J.60 

vestpd 

36.15 

45.18 

82.78 

99.96 

vo2 

2.193 

2.738 

4.140 

4.099 

12, 

i 02 

15.70 

15.98 

16.93 

17.20 

f»C02 

4.65 

4.45 

5.80 

2.75 

VESTPD 

46.01 

67.92 

95.94 

81.86 

vo2 

2.486 

3.465 

5.908 

3.284 

13. 

f°o2 

14.98 

16.06 

17.04 

16.53 

$co2 

4.65 

4.30 

3.65 

5.20 

vestpd 

52.82 

67.12 

112.88 

80.15 

vo2 

14. 

^o2 

$co2 

vestpd 

V02 

2.075 

17.01 

5.60 

75.59 

3.042 

3.384 

16.58 

3.30 

61.72 

2.869 

4.486 

3.798 

15. 

%°2 

15.75 

17.05 

17.65 

17.05 

$co2 

4.70 

3.70 

5.20 

5.20 

vestpd 

44.83 

76.33 

101.51 

89.19 

vo2 

2.387 

3.053 

3.398 

3.659 

16. 

fo°2 

15.78 

15.13 

16.56 

17.10 

76c  02 

4.60 

5.00 

4.60 

3.30 

vestpd 

41.94 

55.67 

93.04 

99-79 

V02 

2.229 

3.358 

4.265 

3*983 

17. 

°a>2 

16.01 

15.85 

16.85 

16.74 

foC02 

4.20 

4.60 

5.60 

3.50 

vestpd 

51.38 

66.76 

109.98 

102.64 

vo2 

2.656 

3.490 

4.677 

4.510 

• 

Subject 

900 

1200 

1500 

1800 

1950 

18. 

$02 

16.65 

17.03 

17.48 

16.93 

$002 

3®  80 

3.45 

3.20 

2.85 

vestpd 

63. 08 

88.88 

116.14 

76.71 

vo2 

2.792 

3.590 

4. 108 

3.319 

19. 

$02 

15.75 

16.63 

16.53 

16.29 

$C02 

4.40 

4.00 

3.90 

3.50 

vestpd 

42.68 

77.16 

78.24 

65.11 

V02 

20. 

$°2 

$C02 

vestpd 

vo2 

2.307 

17.53 

3.40 

83.33 

2.850 

3.395 

16.94 

3.20 

69.54 

2.934 

3.561 

15.86 

3.50 

41.50 

2.286 

3.231 

21. 

$02 

15.43 

16.13 

17.21 

17.23 

^C02 

4.50 

4.40 

3.05 

2.80 

vestpd 

43.15 

67.97 

106.88 

82.08 

vo2 

2.497 

3.349 

4.188 

3.250 

22. 

$02 

15.59 

16.33 

16.40 

16.95 

$co2 

4.90 

4.50 

4.30 

3.40 

VESTPD 

46.35 

71.39 

86.28 

85.57 

V02 

2.538 

3. 318 

3.978 

3.555 

23. 

$°2 

14.85 

16.14 

16.20 

16.92 

$co2 

5.20 

4.45 

4.20 

3.10 

Vestpd 

37.09 

63.88 

75.55 

70.97 

vo2 

2.349 

3.131 

3.694 

3.031 

24. 

$°2 

15. 08 

14.68 

16.68 

16.68 

17.38 

$co2 

5.20 

5.55 

4.35 

3.60 

3.00 

vestpd 

36.76 

48.25 

96.54 

91.44 

72.10 

vo2 

2.221 

3.115 

4.098 

4.063 

2.680 

2100 


■ 

Subject 

900 

1200 

1500 

1800 

25. 

$0  2 

15  0  25 

15.78 

16.35 

15.93 

$C02 

4.70 

4.50 

3.60 

4.00 

vestpd 

45*88 

62.63 

67.76 

60.70 

V02 

2.734 

3.347 

3.292 

3.209 

260 

fs2 

15o90 

16.50 

17.00 

^C02 

4o2Q 

3.80 

3.60 

vestpd 

51.71 

79.34 

115.32 

VO2 

2.730 

3.663 

4.657 

27. 

14.75 

15.35 

15.25 

14. 80 

/oC02 

5.30 

4.95 

4.65 

4=00 

vestpd 

42.50 

62.22 

66.93 

49.64 

vo2 

2.735 

3.589 

3.999 

5.333 

28. 

?<0  2 

l6. 05 

15.90 

17.53 

17.70 

^C02 

3.80 

4.75 

3.20 

2.80 

vestpd 

25.66 

65.02 

114.11 

118.87 

V°2 

1.330 

3.351 

5.964 

4.000 

29. 

7*02 

15.95 

l6o80 

16.48 

15.93 

7oCo2 

4.50 

3.90 

4.00 

3.75 

vestpd 

45.60 

84.69 

86.69 

69.55 

vo2 

2.349 

3.567 

3.979 

3.723 

50. 

502 

16069 

16.95 

17.20 

17.38 

7oco2 

3.90 

3.80 

3.55 

2.90 

vestpd 

57.95 

70.80 

74.29 

72.68 

V02 

2o522 

2.86? 

2.822 

2.719 

31  0 

5°2 

I6o50 

16.93 

16. 80 

7oCo2 

3.75 

3.70 

3.20 

VeSTPD 

58.85 

86.01 

81.41 

V02 

2.726 

3.526 

3.580 

52  c 

7°2 

15.20 

16.58 

16.60 

16.63 

7oCo2 

5°15 

4.00 

3.60 

3  =  00 

vestpd 

40 .68 

71.60 

68.30 

58.95 

vo2 

2.402 

3.195 

3.105 

2.750 

53  c 

7°2 

17.38 

16.93 

17. 08 

^002 

3.40 

4„00 

3.40 

vestpd 

57.49 

71o54 

55.87 

vo2 

2.076 

2.877 

2.230 

2100 


• 

Subject 

900 

1200 

1500 

1800 

1950 

34. 

i° °2 

15.46 

l6„41 

17.15 

17.01 

/oco2 

4c  90 

4.15 

3.45 

20  80 

VeSTPD 

460  31 

75.73 

96.55 

81*27 

V02 

2.613 

3.512 

3.753 

5.443 

35. 

$ 02 

14.68 

160  66 

1  6o96 

17.18 

$C02 

5.05 

4.05 

3.60 

2  065 

VESTPD 

37.97 

81.89 

89.17 

88*78 

V02 

2*503 

3.561 

3.645 

3o  606 

36. 

7*02 

14c58 

14.55 

15.88 

16*  88 

16.44 

faC02 

5.35 

5.30 

4.70 

3.80 

3.45 

VESTPD 

34c  31 

51 .66 

84®  05 

108*  06 

88*35 

VO  2 

2o2?6 

3.454 

4.539 

4.471 

4.228 

37. 

7*°  2 
/*co2 

VeSTPD 

vo2 

15.88 

4c  40 

46o  54 
2o441 

16*  28 
4.4O 
64.47 
3.055 

17.23 

3.70 

89.41 

3.328 

38  * 

5°2 

14.78 

15.55 

16.50 

l6o95 

foC02 

5dO 

5.00 

4»30 

3.60 

vestpd 

39.53 

60.35 

94.64 

103*42 

vo2 

2.649 

3.320 

4.217 

4.242 

39. 

7*o2 

^C02 

vestpd 

V02 

15.54 

4.70 

50o45 

2  o822 

160  60 
4.00 
78.87 
5.500 

17.14 

5.20 

73.68 

2o923 

40o 

yo02 

15.44 

15.01 

l6o75 

16068 

feo2 

5.10 

4c  15 

3.40 

3.65 

vestpd 

45  c  40 

71.33 

79.12 

53.59 

vo2 

2  c  549 

4.576 

3.487 

2.780 

41. 

5°  2 

15.11 

160  00 

16*55 

16*15 

^co2 

4.95 

4.65 

4.10 

3.45 

vestpd 

39  c  03 

68067 

87.77 

66*  0? 

vo2 

2.570 

3.455 

3.928 

3.406 

42  0 

7*°2 

15.63 

15.78 

160O5 

16.75 

16.96 

7*co2 

4.65 

4.55 

4.30 

3.90 

3.20 

vestpd 

44.50 

62.34 

82*46 

121.87 

117.38 

V02 

2.445 

3.321 

4.168 

5.209 

4.923 

2100 


. 

2100 


Subject 

900 

1200 

1500 

1800 

1950 

43. 

T>  °2 

15-51 

16085 

16.70 

17-03 

$C02 

4.70 

3.70 

3-50 

3-00 

vestpd 

43ol6 

76.56 

72-45 

76-43 

VO2 

2.429 

3.217 

3-221 

3.179 

44- 

^°2 

15-73 

16o10 

16.80 

16.48 

^C02 

4- 70 

4-30 

3-75 

3.60 

VeSTPD 

5  2  0  8 1 

72-69 

84-63 

65.70 

yo2 

2  c  827 

3-627 

3-598 

3-190 

45. 

%02 

15-26 

15-06 

16.40 

16.00 

?&co2 

4-90 

5-15 

4-50 

3.40 

vestpd 

45-01 

52-93 

90-22 

64-80 

vo2 

2  o655 

3-219 

4-113 

3-471 

460 

7°02 

15-38 

15-70 

15-98 

16.14 

fao2 

5-00 

4-80 

4-90 

3-90 

yestpd 

42-79 

60-08 

70-50 

73-13 

yo2 

2-446 

3-224 

3-514 

3.690 

47. 

%02 

13-98 

13-86 

14-55 

16.30 

16.25 

^co2 

4-90 

5-70 

5-60 

4-60 

3.80 

vestpd 

39-87 

42-29 

65.88 

85.99 

82.07 

V02 

2-995 

3-151 

4-352 

4-005 

4- 050 

480 

5°2 

14-05 

14-69 

16.50 

16.50 

^C02 

5-40 

5-25 

4-00 

3-80 

yestpd 

35-00 

45-29 

95-79 

96.48 

V02 

2-552 

2-954 

4-372 

4-455 

• 
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